Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



I 



'ven ihen they apply only (o ground 
s level, though often used in a mannei 
Dus in ^ 128, When the cross'scction 
!c\, lliB place of the tables is supplied by 
1^19, and when several sectioos are caJcu> 
3 usuiilly the case, and the work is ar- 
t roriYi, as in ^ 120, the calculation is be- 
s short as by the most extended tables. 
I excQvation on curves ('§ 129) is not 
L introduced elsewhere, 
5 kind, brevity is an essential feature, 
blom" and "Solution" baa, therefore, 
S presenting most concisely the tiling to be 
r of doing it. Kvery solution, how- 
tth it a (lemonstralion, which is deemed an 
, feiiture. These demonstrations, with a 
) exceptions, principally in Chapter II., pre- 
of nothing beyond Algebra, Geome- 
tiometry. The result is in general expressed 
B formula, and not in words. Those familiar 
t symbols need not be told how much more 
] quickly apprehended a process becomes 
Those not familiar with these sym- 
ime in acquiring the ready use of a 
xt and expressive. It may be remarked 
I of tl)B author's design to furnish a col- 
rules," professing to require only an abil- 
ir successful application. Rules can seU 
|r applied without a thorough understanding of 
I which ihey rest, and such an undcrstand- 
ait case, implies a know\iii5p oi n\^c\itaAt 

'■ic /iresentcd will, it \3\io\icAt.?^«'^*^ "'^^ 



I 



■I 



I 



F I ELD-BOOK 



ion 



AILllOAD ENGINEERS, 



■. 

f 



nil PREFACE. 

ble. Those specially prepared for this work have been 
computed with great care. The values have in some cases 
been carried out farther than ordinary practice requires, in 
order that interpolated values may be obtained from them 
more accurately. For the greater part of the material 
composing the Table of Magnetic Variation the author is 
indebted to Professor Bache, whose distinguished ability ir 
conducting the operations of the Coast Survey is equalled 
only by his desire to diffuse its results. The remaining 
tables have been carefully exammed by comparing them 
with others of approved reputation for accuracy. Many 
errors have in this way been detected in some of the tables 
of corresponding extent in general use, particularly in the 
Table of Squares, Cubes, &c., and the Tables of Loganth- 
mic and Natural Sines, Cosines, dec. The number of tables 
might have been greatly increased, but for an unwillingness 
to insert any thing not falling strictly within the plan of the 
work or not resting on sufficient authority. 

J. B. U. 

Boston, February, 1854. 
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EXPLANATION OF SIGNS. 



The sign + indicates that the quantities between which it is placoi 
»re to be added together. 

The sign — indicates that the quantity before which it is placed 
Is to be subtracted. 

The sign X indicates that the quantities between which it is pUtccd 
are to be multiplied together. 

The sign -$- or : indicates that the first of two quantities between 
which it is placed is to be divided by the second. 

The sign = indicates that the quantities between which it is placed 
are equal. 

The sign &9 indicates that the difference of the two quantities be* 
tween which it is placed is to be taken. 

The sign . • . stands for the word " hence " or " therefore." 

The ratio of one quantity to another may be regarded as the quo- 
ticnt of the first divided by the second. Hence, the ratio of a to 6 is 
expressed by a : 6, and the ratio of c to d by c : d. A proportion ex 
presses the equality of two ratios. Hence, t proportion is represented 
by placing the sign = between two ratios ; as, a : 6 »=: c : cf. 



In the text and in the tables the foot has been taken as the unit oi 
jT/easune when no other nmt is specified. 
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CHAPTER I. 
CinCULAR CURVES. 

Article I. — Simple CuRVEg. 

1. TiiR railroad curves here considered are either Circular or Para- 
bolic. Circalar cnrves are dirided into Simple, Rcrcrscd, and Com- 
pound Curves. We begin with Simple Curves. 

2. Let the arc ADEFB (fig. 1) represent a railroad curve, unit 
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2 CIRCULAR CURVES. 

ing the straight linos GA and BR. The h'n^tli of such a curve is 
measured by chords, each 100 feet long.* Thus, if the chords AD, 
DEj E F^ and FB are each 100 feet in length, the whole curve is 
said to be 400 feet long. The straight lines G A and B II are always 
tiingent to the curve at its extremities, which are called tangent points. 
If (? J. and BH Are produced, until they meet in Q A C and B G 
arc called the tangents of the curve. If J. C is produced a little beyond 
C to A", the angle K CB, formed by one tangent with the other pro- 
duced, is called the angle of intersection, and shows the change of direc- 
tion in passing from one tangent to the other. 

The following propositions relating to the circle are derived from 
Geometry. 

I. A tangent to a circle is perpendicular to the radius drawn through 
the tangent point. Thus, ^ C is perpendicular to A 0, and B C to 
BO. 

II. Two tangents drawn to a circle from any point are equal, and if 
a chord be drawn between the two tangent points, the angles between 
this chord and the tangents are equal. Thus A C ^ BC, and the 
tiTiglQ BAC^^ABC. 

III. An acute angle between a tangent and a chord is equal to half 
the central angle subtended by the same chord. Thus, C A B =^ 
hAOB. 

IV. An acute angle subtended by a chord, and having its vertex in 
the circumference of a circle, is equal to half the central angle sub- 
tended by the same chord. Thus, DAE = i DOE, 

V. Equal chords subtend equal angles at the centre of a circle, and 
also at the circumference, if the angles are inscribed in similar seg- 
ments. Thns^AOD =- DOE, and DAE = EAF. 

VI. The angle of intersection of two tangents is equal to the cen- 
tral angle subtended by tlie chord which unites the tangent points. 
Thus, KCB=^AOB. 

3. In order to unite two straight lines, sls GA and BHjhy a. curve, 
the angle of intersection is measured, and then a radius for the curve 
may be assumed, and the tangents calculated, or the tangents may be 
assumed of a certain length, and the radius calculated. 

* Saarff engineers prefer a chain 60 feet in length, and mcasuro tVve \eT\<j,\.\i c^ «. 
/^* Ajr chorda of CO instead of 100 feet. The chord of 100 feet \xaa \ie»Ti «L0LO^tei\ 
Tfl'Z"^ ^^^ ^^^"^^^^ ' ^"^ the /brmalie deduced may be very readWy moO»«AVQ 
'^^-<^oranjriength. SoealsoflS, 
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4. Problem* Given the angle of intersection KCD =^ I (Jy^ I) 
wnd the radius AO ^ R, to find the tangent A C ^ T. 



Fig.l. 
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Solution. Draw C 0. Then in tlie right triangle AO C ^^ liavo 

A C 
(Tab. X. 3) Yq — tan. AOC, or, since ^ C= i / (§ 2, VI.) 



g = tan. i /; 



.-. T=Rim. ^l. 



Example. Given 7 = 22® 52', and R = 3000, to find T. Here 

72 = 3000 3.477121 

i / = 1 1° 26' tan. 9.305869 



T= 606 72 



^.Ift^Vi 



iJ'^^^'^'^ft: J^'"^" ^'^ ''''•^''^ ^ intersection K C B = I C ftg. \>, 



CIRCULAR CURVES. 



Solution. In tlic right triangle A C wc have (Tab. X. 6) 

— = cot. A O C, or — = cot. i / ; 
AC ' r -* ' 



.-. 72= Tcot. i/. 

Example. Given 7= 31° 16' and T= 950, to find 72. Here 

r=950 2.977724 

i /= 15° 38 cot 0.553102 



72 = 3394.89 3.530826 

6. The degree of a curve is determined by the angle subtended at 
its centre by a chord of 100 feet. Thus, if A D = 6° (fig. 1), 
ADEFB is a 6° curve. 

7. The deflection angle of a curve is the acute angle formed at any 
point between a tangent and a chord of 100 feet The deflection angle 
is, therefore (§ 2, III.), half the degree of the curve. Thus, CA D or 
CDF is the deflection angle of the curve ADEFB^ and is half 
AOD or half /'OB. 



A. Method hy Deflection Angles. 

8. The usual method of laying out a curve on the ground is by 
means of deflection angles. 

9. Problem. Given tlie radius A0 = R (fg. I), to find the de- 
flection angle CBF= D. 

Sdxdion. Draw OL perpendicular to BF. Then the angle BOL 
v=/iBOF=D, and BL = iBF=50. But in the right triangle 

OBLwQ have (Tab. X. 1) sin. BOL = j^ 
I^ sin. 7) = — . j 

Example. Given 72 = 5729.65, to find D. Here 

50 1.698970 I 

72 = 5729.65 3.758128 



D = 30' sin. 7.940842 4 

Hence a curve of this radios is a 1° curve, and its deflection ang^j^' 

^J^> ^^^*/€?Jit. (7/ven the deflection angle C B F = D ^fi^^'^ 



METHOD BY DEFLECTION ANGLES. C 

50 

Solution. By the preceding section we have sin. D= --, whcnc« 

/esin. Z)«50; 

50 



l^ '.R=T 



By this formala the radii in Table I. are calculated. 

EmmplM, Given Z> = 1°, to find R. Here 

50 1.698970 

Z> = I® sin. 8 241855 



72 = 2864.93 3.457115 

11. Problem. Given the angle of intersection KCB=.I (Jig. 1 ), 
and the tangent AC = T^ to find tJie deflection angle CA D-=.D. 

50 
Solution. From § 9 we have sin. Z) = — - , and from § 5, 72 = 

T cot. i 7. Sabstitnting this value of 72 in the first equation, we get 

sin. D =5 



Tcot. J I' 



r^ 50 tan. 4 / 
. • . sin. D = =— . 

T 



Example. Given 7 = 21° and T= 424.8, to find D. Here 

50 1.698970 

i 7 == 10° 30 tan. 9.267967 



0.9669S7 
r=424 8 2.628185 



D=» l^ W sin. 8.338752 

12. Problem. Given tlie angle of intersection KCD = / {fig. 1) 
and the deflection angle CA D = Df to find tJie tangent AC = T. 

Solution, From the preceding section wo have sin. D = ^ — * 

Hence, Tsin. Z) = 50 tan. i Z; 
W «s» .^ j,_50tan. i7 



sin. Z> 

^xam/^e. fiij^ / == 030 and D = 1«>, to find T. Ucw 

' .--• 50 tan. W 

= 714.31. 
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b CIRCULAR CURVES. 

13. Problem. Giceji the angle of intersection K CB = / (fy, 1), 
and the deflection angle CA D = JD^ to flnd the length oftJie cun^. 

Solution. By § 2 the length of a curve is measured by chords of 100 
feet applied around the curve. Now the first chord A D makes with 
the tangent -4 (7 an angle CA D = D^ and each succeeding chord 
DE^EF^ &c. subtends at A an additional angle D AE^ EAF, &c. 
each equal to D; since each of these angles (§ 2, IV.) is half of a 
central angle subtended by a chonl of 100 feet. The angle CAB =: 
i yl Q Z? = i / is, therefore, made up of as many times Z), as there arc 
chords around the curve. Then if n represents the number of chords, 
we have n /) = i /; 

1^" .•.n = ii. 

D 

If D is not contained an even number of times in j|/, the quotient 
above will still give the length of the curve. Thus, in fig. 2, suppose 
D is contained 4| times in <^ /. This shows that there will bo four 
whole chords and S of a chord around the curve from A to B. The 
angle GAB, the fraction of Z), is called a sub deflection angle^ and 
G B^ the fraction of a chord, is called a sub-chord.* 

The length of the curve thus found is not the actual length of the 
arc, but the length required in locating a curve. If the actual length 
of the arc is required, it may be found by means of Table VI. 

Example. Given / = 16® 52' and Z) = 1^ 20', to find the length of 

hi 8^26' 506' ^„„^ ,1 . . , 
the curve. Here n = - - = .-rrrr == ^^ = 6.325, tlint is, the curre 

D 1^20' oO' 

is 632 5 feet long. 

To find the arc itself in this example, we take from Table VI. the 

length of an arc of 16° 52', since the central angle of the whole curve 

is equal to / (§ 2, VI ), and multiply this length by the radius of the 

curve. 

Arc \{P = .1745329 

6° =.1047198 

SC = .0145444 i 

2' = .0005818 ^ 



" 16° 52' = .2943789 



* TLJs method of SDdhjg the length of a sub-chord is not mathematically "^^gu- 
^ie/ /or, by geometry f angles laecribcd in a circle aTe.propoTt.\OTia\ lo \.\\ft (.,vityw 
^A/p/i they stand; whereas this method supposes them to '^pTopoTl\ou«\ V\.\Mi 
«*w5r of these area. Tu railroad curves, the- error arban«' Ir^ &\s aup^osA' ^^ 
^'^^^ to be regare'vd. - ' f 



METIlCfi BY UKFLliCTION ANGLES. 

The radliu of the curve is foand rrom Table I. to be 3148.79, tai & 
multiplied bj .S9437S9 gires GSa.&sa feet for the length of the arc. 

14. Problem. Girm (Ac deftfctim angk D,tii!ag oat a tw 
fivtn a giren langait point. 




'Solvtion. Lcl A (fig. 2) be the given tangent poiut in the tangant 
H C. Set the inslrumcDt at A, and laj off llie given deflection angle 
D from A C. This will give tho direction A D, ond 100 feet being 
ineosBrcd from A in this direction, the point D will be determined 
Lay off in succession tlie additional angles DAK. EAF, &c., eath 
equal to Z>, and make D E, EF, Su:. each 100 feet, and the points 
B, F, &c. Bill be determined. The points D, E, F, Sk., Ihns deter- 
mined, arc points on the required enrre (( T, and J 2, III., IV.), and 
are called slations. 

]f tliero is a sub-cliord at the end, as G B, the sub-dofleeiion angle 
6'.^£muslbo tho same pan or D that GB is of awhotochord (^ 13). 
19. It is often impossible to lay oat tho wliolo of a curve, witboul 
oving the instmment from irs first position, eitlicT on BcKOon^ "A 
2gih of iho curve, or because some obaWnc^wn Vo vVe *wjM. 
In this case, after determining tis tntra^ avn.>u\QTO''s 
5'i3S»'''o instrument to the last ot iViesc bW\otvr,-«< 
/ftto to ftid TW (flogcMteto the cur%e M *« bWiot.-, ?v 
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A line drawn tlirougli B and M will be the tangent rccjuired ; foi it 
has been proved (§ 18) that the angle G B M is in tliis case cquai tu 
\ B Cy and B Mis consequently (§2, III.) a tangent at B, 

If B is at the end of the curve, the tangent at 23 may be found with- 
out first laying off H C. Thus, if a chain equal to the chord is extend- 
ed to II on A B produced, the point // marked, and the cliain then 
swung round, keeping the end at B fixed, until II M = i </, fJ M will 
he the direction of the required tangent.* 

22. Problem* Gii^en the chord deflection J, to lay %ntt a curve 
from a given tangent point. 

Solution. Let A (fig. 3) be the given tangent point, and suppose d 
has been calculated for a chord of 100 feet. Stretch a chain of 100 
feet from -4 to G on the tangent E A produced, and mark the point 
G. Swing the chain round towards A B, keeping the end at A fixed, 
until D G is equal to the tangent deflection i (f, and B will be the first 
station on the curve. Stretch the chain from B to IT on AB pro 
dueed, and having marked this point, swing the chain round, uptil II C 
is equal to the chord deflection d. Cis the second station on the curve. 
Continue to lay off the chord deflection from the preceding chord pro- 
duced, until the curve is finished. 

Should a sub-chord D F occur at the end of the curve, find the tan 
gent DL Q.iD {^ 21), lay off from it the proper tangent deflection L F 
for the given sub-chord, making DF of the given length, and F will 
be a point on the curve. The proper tangent deflection for the sub- 
chord may be found thus. Represent the sub-chord by c', and the eor- 

responding chord deflection by c?', and we have (§18) hd' = -- ; but 

A XV 

since kd = — -> we have i rf' : i </ = c'* : c*. Therefore ^ c^' = d </ (- ) . 

Example. Given the intersection angle / between two tangents > 
equal to \^^ 30', and R = 1250, to find T, J, and the length of the • 
curve in stations. Here 

(§4) T=zR tan. i /= 1250 tan. S® 15' = 181.24 ; 

(n8)d = ^='^' = 8, 
^^ ^ U 1250 ' 



* Tlie distance D3T Is not exactly equal to the chord, but ttie etrox MVam^jKjm 
^^og-jt equal is too small to be regftided In any ctttves but tbows ol \fer3*^AW 
^- // necessary, the trae length of J3 jBI may be calcu\^(\.\ tot ^ 
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(\ 9) sin. Z) = — == -^ = .04 = nat. sin. 2° 174'; 

/ , , ON i ^ 8^ 15' 495' 

(§13) n = -1- = z= = 3.60. 

^^ '' D 2^17*' 137.^ 

Tlicse results show, that the tangent point A (fig. 3) on tlie first tan 
gent is 181.24 feet from the point of intersection, — that the tangent 
deflection G^ ^ = ^ J = 4 feet, — that the chord deflection IlCot KD 
= 8 feet, — and that the curve is 360 feet long. The three whole sta- 
tions By Cy and D having been found, and the tangent DL drawn, tlie 
tangent deflection for the sub-chord of 60 feet will be, as shown above, 

i J' = 4 ^— ) = 4 X .6« = 4 X .36 = 144. LF= 1.44 feet being 

laid off from DL^ tlie point F will, if the work b correct, fall upon 
the second tangent point. A tangent at F may be found (§ 21 ) by 
producing DF to P, making FP = DF= 60 feet, and laying off 
PN= 1.44 feet. FN will be the direction of the required tangent, 
which should, of course, coincide with the given tangent 

23. Curves may be laid out with accuracy by tangent and chord 
deflections, if an instrument is used in producing the lines. But if an 
instrument is not at hand, and accuracy is not important, the lines may 
bo produced by the eye alone. The radius of a curve to unite two 

. given straight lines may also be found without an instrument by § 73, 
or, having assumed a radius, the tangent points may be found by § 74. 

C. Ordinates. 

24. The preceding methods of laying out curves determine points 
100 feet distant from each other. These points are usually sufficient 
for grading a road ; but when the track is laid, it is desirable to have 
intermediate points on the curve accurately determined. For this pur- 
pose the chord of 100 feet is divided into a certain number of equal 
parts, and the perpendicular distances from the points of division to 
the curve are calculated. These distances are called ordinates. If the 
diord is divided into. eight equal parts, we shall have points on the 
curve at every 12.5 feet, and this will be often enough, if the rails, 

* which are seldom shorter than 15 feet, have been properly curved 
(* 28). 

S5. M^rohieMnm Giren the dejlecllon awjle D or tlic radius U oj a 
^if/im^ toJ&wftAe ordincUesJbr any chord. 

Sh/ianm. L To find the niicldlc ordinate. Let A E B (.^^ A.^ "^ 
' ^''^'''° '^^ ^"^c* subtended by a cliord A B, xv\vve\i tu^ ^^ ^ 
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noted by c. Draw the middle ordinate ED^ and denote it by m. Pro- 
duce ED to the centre F, and join ^ F and ^ E, Then (Tab. X. a^ 




£D 

-— ■ = tan. E AD. or ED — AD tan. E AD. But, since tlio anele 
AD ^ 

E AD IS measured by half the arc DE^ or by half the equal arc AE, 

we have EAD = hAFE. Therefore ED = AD tan. l^AFE, or 

tF" TO = i c tan. J ^ JP-E. 

When c = 100, ^F-B = Z> (§ 7), and m = 50 tan. i Z), whence rn 
may be obtained from the table of natural tangents, by dividing tan. 
i Z> by 2, and removing the decimal point two places to the right. 

The value of m may be obtained in another form thus. In the 

triangle ADFxre have DF= ^AF^^^4~D^=^ ^R^ — i c«. Then 
m^EF—DF^R — DF,oT 



II. To find any other ordinate, as 72 iV, at a distance DN= b from 
the centre of the chord. Produce 72 N until it meets tlie diameter 



/>W/^/ /o A Bin G, and join R F. Then RG=- ^R /■'' — F G* =* 



^N== ^R^ — 6«'— JVC — ic». 
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By these fcrmuIiB tlic ordinates in Table I. are calculated. 

The other ordinates may also be found from the middle ordinate by 
the following shorter, but not strictly exact method. It is founded on 
the supposition, that, if the half-chord BDhe dividend into any number 
of equal parts, the ordinates at these points will divide the arc E B into 
the same number of equal parts, and upon the further supposition, that 
the tangents of small angles are proportional to the angles themselves. 
These suppositions give rise to no material error in finding the ordi- 
nates of railroad cun'cs for chords not exceeding 100 feet. Making, 
for example, four divisions of the chord on each side of the centre, and 
joining AR, AS, a.nd AT, we have the angle RAN^:^ %EAD, 
since RB is considered equal to % E B. But E A D = i A FE, 
Therefore, R A N= § A FE. In the same way we should find 5"^ 
== i ^ FE, and TAP = ^A FE. We have then for the ordinates, 
RN==AN tan. RAN=^c tan. | A FE, S 0= A t&n. SAO == 
I c tan. i A FE, and TP = AP tan. TAP ^ Ic t&n. ^ A FE. 
But, by the second supposition, tan. | A FE = | tan. J A FE, 
tan. i A FE = itAn. i A FE, and tan. ^ A FE = iiAn. I A FE. 
Substituting these values, and recollecting that J c tan. J A FE — m, 
we have 

/2iV=|^x ^ cXxiTi. ^ A FE =^^m. 



CF- 



;S = I X i c tan. iAFE=\ W2, 
rP = ^ X i c tan. J ^ F^ = ^ m. 



In general, if the number of divisions of the chord on each side of 
the centre is represented by n, we should find for the respective ordi- 

. ... , (n + l)(n — l)m (n -f 2) (n — 2) m 
nates, begmnmg nearest the centre, ^^2 , ^2 » 

!n4-3)(n-3)m 

;;[2 , &c. 

Example Find the ordinates of an 8° curve to a chord of 100 feet 
Here m = 50 tan. 2° = 1.746, RN=^m = 1.637, 5 = ' m = 1.310, 
and rP = ^ m = 0.764. 
26, An approximate value of m also may be obtamcOi ^toxtv >\v^ ^oit- 
mulB m=J2^ ^jR*--i ~c^. This is done by addmg lo X\\^ Q^xv^t^-vlw."^ 
andcr the radJcal the very small fraction ^\^ , xnaVVtvs ^^ ^ ^^^^ 
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iquare, tho root of which will bo 22 — g-g . We have, then, m » A 



-i^-f^' 



m = 



Sli 



27. From this value of m we see that the middle ordinatcs of any 
two chords in tho same curve are to each other nearly as the squares 
of the chords. If, then, A E (fig. 4) be considered equal to ^ A B^ its 
middle ordinate CII = \ E D. Intermediate points on a curve may, 
therefore, be very readily obtained, and generally with sufficient accu- 
racy, in the following manner. Stretch a cord from A to B, and by 
means of the middle ordinate determine the point E, Then stretch 
the cord from A to E^ and lay off the middle ordinate CII = ^ ED, 
thus determining the point C, and so continue to lay off from the suc- 
cessive half-chords one fourth the preceding ordinate, until a sufficient 
number of points is obtained. 

D. Curving Rails. 

28. The rails of a curve are usually curved before they are laid. JTo 
do this properly, it is necessary to know the middle ordinate of the 
curve for a chord of the length of a rail. 

29. Problem* Given the radius or deflection angle of a curve^ to 
find the middle ordinate for curving a rail of given length. 

Solution. Denote the length of the rail by /, and wc have (§ 25) 

the exact formula m — R — ^R* — 4 ^j a"tl (§ 26) the approximata 
formula 

m = -* — . 
2/^ 

This formula is always near enough for chords of the length of a rail 

60 
If we substitute for R its value (§ 10) R = -j^ -^ , we have, 

j£>am/>/e. In a 1^ curve find the ordinate for a rail of 18 feet lo 
s^/A Here Id is found by Table I. to bo 5720 .65, siTvaL \V\GY<iiovi^ 
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93 

by the first formula, m — jj^^g-jj = .00707, By the second formnlOi 

m = .81 sin. 30' » .00707. . The exact formula would give tiie same 
result even to the fifth decimal. 

By keeping in mind, that the ordinate for a rail of 18 feet in a 1^ 
curve is .007, the cgrresponding ordinate in a curve of any other de- 
gree may be found with stifficient accuracy, by multiplying tliis deci- 
mal by the number expressing the degree of the curve. Thus, for a 
curve of 5"^ 30' or 5.6°, the ordinate would be W7 X 5.6 = .039 ft. = 
.468 in. 

For a rail of 20 feet we have 1 /* = 100, and, consequently, m = 
sin. D. This gives for a 1° curve, m = .0087. The corresponding or- 
dinate in a curve of any other degree may be found ^-ith sufficient 
accuracy, by multiplying this decimal by the number expressing the 
degree of the curve. 

By the above formula for m, the ordinates for curving rails in Table 
I. are calculated. 



Article II. — Reversed and Compound Curves. 

30. Two curv'es often succeed each other having a common tangent 
at the point of junction. If the curves lie on opposite sides of the com- 
mon tangent, they form a reversed curve, and their radii may be the 
tame or different. If they lie on the same side of the common tangent, 




they have diTerent radii, and form a compound cwTXft. T\\\x?. \B t, 
^^. 5) is a reversed curve, and A D D el compound CMtv^. • 
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31. ProMcm* To lay out a raxrsed or a compound cunic, what 
the radii or deflection tuples and the tangent points art known. 

Solution. Lay oat the first portion of the canre from AtoB (fig. 5), 
hy one of the usual methods. Find B F, the tangent to ^ 2?, at the 
point B (4 16 or § 21). Then B F will be the tangent also of the sec- 
ond portion B C of & reversed, or B Z) of a componnd conre, and from 
this tangent citlicr of tlicse portions may be laid off in the osoal roan 
ucr 

A. Reversed Curves. 
V 

32 TllCOrciIls The reversing point of a reversed cttrve letwces 
iforalld tangents is in the line Joining the tangent points. 




Demonstration. Let A CD (fig. 6) be a reversed curve, uniting tl*€ 
|>arallel tangents II A and B AT, having its radii equal or unequal, and 
reversing at C. If now the chords A C and CB are drawn, we have 
to prove that these chords fire in the same straight line. The radii 
E C and CF, being perpendicular to the common tangent at C (§ 2, 1.), 
are in the same straight line, and the radii A E and BF, being per- 
pendicular to the parallel tangents UA and B Ky are parallel. There- 
fore, the angle AE C— CFB^ and, consequently, EC A, the half 
supplement ofAECt is equal to FC By the half supplement of CFB\ 
but these angles cannot be equal, unless A C and CB are in the same 
straight lino. 

33. Problem* Given the perpendicular distance between two par- 
allel tangents BD = b {fig. 6), and the distance between the two tangent 
/x>/??fs A B = a, to determine the reversing point C and the common radius 
A'C'^. C^= /io/"a reversed curve uniting the tangents HA and B K. 
-^^^//^v. Zct A CB be the reauircd curve. S\t\ce ih^ x;^^\\ ta^ 
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n 



equal, and the angle AE C= DFC^tha triangles AE CwadDFC 
are equal, and A C = CB = l^a. The reversing point C w, therefore^ 
the middle point ofAB. 

To find /?, draw E G perpendicular to A C, Then the right tri- 
nngles AEG and BAD are similar, since (§ 2, III.) the angle 
BAD^^AEC^AEG, Therefore AS : AG^AB : BD, 
or it : ^ a — aib; 

4b 

at 
Corollary. If R and b are given, to find a, the equation it = ^ 

gives a^ = 4 Rb'f 
CF* .•.a = 2./77Jr 



Examples. Given 6 = 12, and a = 200, to determine 72. Here 

n _ 200^ _ 10000 

It — 4 X 12 — 12 — o33j. 

Given R = 675, and 6 = 12, to find a. Here a = 2^675 X 12 = 
2^8100 == 2 X 90 = 180. 

34. Problem* Given tlie perpendicular distance between tivo par- 
allel tangents BD =^b {fig. 7), the distance between tite two tangent points 
A B = a, and the Jirst radius E C = Rof a reversed curve uniting the 
tangents HA and BK, to find the chords A C ^ a* and CB = a", and 
die second radius CF = 72'. 




Sdution. Draw the perpendiculars E Gt and FL. T\\Wi^^ yv^V 
nianglcs ADD and A\i G are similar, since l\vci axv^^ B AT> - 



ClRCl/LAE CORVES, 

c iho angle //GiV, which is double UAD (^ 3, II.). » 
»D, lay off from UA the angle //JB= J {.d««), nnd 
tliU diiccUon the chord JD = S/iein.§ (AmC) (f 69) 




KOi'nj the imlrumenl at D, run tlie curve to the reversing point Cm tit 
linefrom DtoBiS 32), and measure D C and CB. Then the Eitntlar 
IrinnglesDECand B F C giv^D C : DE = CB-.BF, or DC:R 
= CB:R'; 



- CB^ 



/;. 



Second SAiilion. By this mcLhod tlic sccoiiil radius msj bo found 
hj- calculalion alone. The figure being drawn as above, wo have, in 
the triangle ABD, AB = o, AD^ili sin. \{A — B), and iho 
included angle DAB ^ IlAli ~nAD = A — HA — D) = 
H-1 + B). Had in tids (n'anj.e (Tab. X. U and U) B D and fie 
angle A BD. Find alto the angle DBL = B + ABD. 

Then llio chord CB = 2R' sin. iBFC^2R' sin. D B i, and 
the chord DC = 2R sin. iDEC=2R sin. DBL{i 69). Bat 
CD = BD — DC; whence 2^' sin. DSL = DD — Si! sin 
DBL; 

tsr .R'= ^^ — n. 

2i\a.DBL 

W,hcn the point I> falls on the other side of A, that i«, when tha 
"v.S^/s Mis greater than A, the solution ia the same, except ttiM. "^ 
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39. Problem* Given the length of the common tangent D G ^» a, 
and the angles of intersection I and P (Jig. 10), to determine the common 
radius CE = C F ^ R of a reversed curve to wUte the tcmgent* HA 
andBL. 



Fig. 10. 




Solution, By H wc have DC = R tan. J /, and C (7 = /i tan. } /' i 
whence 72 (tan. J /-{- tan. J T) = Z) C + C 67 = a, or 



R = 



a 



tan. i / + tan. J /' 
Tliis formula may be adapted to calculation hy logarithms ; for we 

have (Tab. X. 35) tan. J /+ tan. JT = l^ril^i^P' Substituting 
this value, we get 

The tangent points A and B are obtained by measuring from D a 
distance J. Z) = 72 tan. J /, and from G a distance B G =^ R tan. J F. 

Example. Given a = 600, 7 = 12°, and P = 8°, to find 72. Here 

a == 600 2.7781.51 

jr== 6° cos. 9.997614 

JP = 4° cos. 9.998941 



}(r.f P) = 10° 

« 

R = 3427 .<><i 



2.774706 



TSro^^Q^^ 



TSl 
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40. Problem. Given the line AB=-a(Jig, 10), whi6h joins tJie 
fixed tangent points A and B, the angle DAB = A, and the angU 
ABG^ Byte find the common radivM EC^ CF^Ro/a 
cwve to unite the tangents HA and B L, 



Fig. 10. 




Solution, Find first the auxiliary angle A KE ^ B KF^ which way 
he denoted by K. For this purpose the triangle AEK gives AE\EK 
= sin. Ki sin. EAK. Therefore EK sin. K^ AE sin. EAK = 
R COS. Ay since E AK ^ 90® — A. In like manner, the triangle 
BFK gives FK sin. K =: BF sin. FBK= R cos. B. Adding 
these equations, we have (EK-i- FK) sin. ^= R (cos. A + cos. -B), 
or, since E K + F K =^ 2/2, 2/2 sin. K ^ R (cos. A+cos.B) 
Therefore, sin. K = ^ (cos. A + cos. B). For calculation by loga- 
rithms, this becomes (Tab. X. 28) 



sin. K^ COS. i (A-\- B) cos. ^ (A — B). 

Having found K, we have the angle AEK=^E =^ 180° — K — 
EAK= 180® — JC — (90° — ^) = 90° + ^ — /T, and the angle 
BFK=^F^ ISOP— K— FBK =^ ISQP —K— {9(P — B) =^ 9(P 
-{- B ^ K. Moreover, the triangle AEK gives A E : AK — 
sin. K\ sin. j&,or R sin. j&= AKsin. /T, and the triangle BFKgirea 
BF: BK = sin. Ki sin. F, or R sin. F= JB/Tsin. ^. Adding these 
equations, we have R (sin. E + sin. F) •^.{AKArBKs sin. K « 
f «^/7. AT. SubstitatiDg for sin. E ■+• sin. F its valuo, 2 sm. ^ ^E ^ FN 
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COB, i (E -- F) (Tab. X. 26), we have 2 R sin. i (E + f) cos. 

J(£-F)=a8in.ir. Therefore R == aHT( J~+ J? ^^ (J- ^ ' ^»- 
nally, snbstitnting for J? its value 96^ -{'A — K, and for i^its ralne 
9004.Z? — ^ wo get J {E + F) =^ 9CP -^ [K— i (A + D)l and 
i (iS: — F) = i (^ — ^) I whence 

J2 ^ ^J o sin. K 



COS. [i:— H^ + ^)] COS. HA — B) 

ExamiiU. Given a =1500, ^ = 18^, and J5 = 6°, to find R. IIcr« 
^{A + B)=^\^ COS. 9.990404 

J (4 — iB) = 6® COS. 9.997614 

-K" = 76® 36' 10" sin. 9.988018 

Ja = 750 2.875061 



2.863079 



iC — J (4 + 5) — 64° 36' 10 COS. 9.632347 
J (^ — 2?) = 6* COS. 9!997614 



9.629961 



72=1710.48 3.233118 



B. Compound Curves, 

41. TllCOrem* 1/ one branch of a compound curve be produced, 
until the tangent at its extremity is parallel to the tangent at the extremity 
of the second branch, the common tangent point of the two arcs is in the 
straight line produced, which passes through the tangent points of these par- 
alld tangents. 

Demonstration, Let ACB (fig. 11) be a compound curve, uniting 
the tangents HA &ndBK, The radii C-E and CF, being perpen- 
dicular to the common tangent at C (§ 2, 1.), are in the same straight 
line. Continue the curve -4 Cto Z), where its tangent OD becomes 
parallel to -B^, and consequently the radius DE parallel to BF, 
Then if the chords CD and CBhe drawn, we have the angle CED 
« CFB ; whence E C D, the half-supplement of C E D, is equal to 
F CB, the half-supplement of CFB. But ECD cannot be equal to 
FCB, unless CD coincides with CB. Therefore t\\o Wtig B D \iWr 
daeed passes tbroagh the common tangent point C 
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42. Problem* To find a limit in one direction of each radius of\ 
comjxnind curve. 

I 

0. 




Ibolution, Let A I and Bl (fig. 11) be the tangents of the cuitc. 
Through the intersection point /, draw IM bisecting the angle AID, 
Draw A L and B M perpendicular respectively to -d / and B /, meet- 
ling IM'va. L and M, Then the radius of the branch commencing on 
the shorter tangent A I must be less than A Z, and the radius of the 
branch commencing on the longer tangent i5/ must be greater than 
BM, For suppose the shorter radius to be made equal to AL^ and 
make IN =^ AI, and join L N, Then the equal triangles A /Z and 
NIL give AL ^^ LN; so that the curve, if continued, will pass 
through iV, where its tangent will coincide with IN Then (§41) the 
common tangent point would be the intersection of the straight line 
through B and iV with the first curve; but in this case there can be no 
j/?tersDction, and therefore no common tangent point. Suppose next, 
/v^^/ /^/s radius is greater than A Z, and continue the curve, until its 
***n^cnt becomes parallel to BL In this case the cxltcmVVj ot \Vi« 
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otrye will fall outside the tangent D I'm the line A iVprodaced, and a 
straight line through B and this extremity will again fail to intersect 
the curve already drawn. As no common tangent point can bo found 
when this radius is taken equal to ^ £ or greater than A L^ no com- 
pound curre is possible. This radius must, therefore, be less than A L, 
In a similar manner it might be shown, that the radius of the other 
branch of the curve must be greater than BM. If we suppose the tan- 
gents A I and B I and the intersection angle / to be known, we have 
{\5)AL=^ A /cot J /, and i?if = iB/cot J /. These values are. 
therefore, the limits of the radii in one direction. 

43. If nothing were given but the position of the tangents and the 
tangent points, it is evident that an indefinite number of different com- 
pound curves might connect the tangent points ; for the shorter radius 
might be taken of any length less than the limit found above, and a 
corresponding value for the greater could be found. Some other con- 
dition must, therefore, be introduced, as is done in the following 
problems. 

44. Problem* Given the line AB = a {Jig, U)^ which joins Otis 
fixed tangent points A and B, Hie angle BAI^A,the angle ABI ^ 
B<t and tJi/e first radius AE ^ R, to find the second radius B F = R' o/ 
a compound curve to unite tlie tangents HA and BK. 

Solution. Suppose the first curve to be run with the given radius 
from A to Z), where its tangent D becomes parallel to B /, and 
the angle IAD = i {A + B), Then (§ 41) the common tangent 
point C is in the line B D produced, and the chord CB ^ CD-^- 
BD, Now in the triangle ABD v^q have AB==^a, AD=2R 
sin. i{A + B) (§ 69), and the included angle DAB =^ lAB — 
IAD ^ A — i(A + B) = iiA — B), Find in this triangle 
(Tab. X. 14 and 12) the angle A B D and the side B D. Find also the 
angle CBI=- B^ABD. 

Then (§ 69) the chord CB = 2 R' sin. CB /, and the chord CD =* 
2 72 sin. CD0 = 2R sin. CBI. Substituting these values of CB 
and CD in the equation found above, CB^CD + BD^ we have 
%W sin. CBI^2R sin. CBI+BD; 

.,Rf = R+ ^^ 



2 sin. CBI 



When the angle B is greater than A^ that is, wbeti t\\ft gtctvXfcx t«i^vqa 
is given, the solution is tho same, except that lYie axi^\e D A B « 
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i(B — it), and CO/iafoucidhyBn1itracling tlie«upp?onm(of J/(0 
liom B. We shaU also Sod CB = CD— BD, and conECfluentlr 

If more roiiTcnicni, llic point D ma; be ditcrmicod in the fleU, bj 
lajing off tbo angle IAD = ^{A-^-B), and measuring [he dtstanct 
AD = 2 it sin. HA + B). iiD and CBZmaj then bo mcaaait 
instead of bdnj; culculatcil as above. 

Brample. Given a = 950, A = fP.B=T', and R = 300Q, to fli 
' ff. lIero,4i) = 2 XSOOOain.J (So + T") = 78.'i.lG,!md DdB 
^^ — 7") = 30'. Thi-n to find ^1 C D we have 

.1 B — vt /> = 166.84 3.22230U 

i (.1 D C + ^ B Z>) = 89« 45' Ian. £.360180 

4.588480, 



Jfl-i-dD-1733.1G 


S.S38831> 


K-lOB — -IBD) =8-" 24' 17" 


tan. 1.a43G41 


.•. JBD = 2'»20'43" 




B/), 




J Z»=- 783.16 


S,e938«» 


ZtdB = 30' 


sic. 7.940E49 




0.834691 


daD==2=20'43" 


Bin. S.61 1948 


BZ)= 167,01 


2.2327*3 


B — ABD= CDl = 4,°39'\l" 


sin- 8.S0E298 


2 (fi' — fi) = 2058.03 


3.313451 


.-.n' — fi = 1029,01 




. R' = 3000 + I029.OI = 4029.01 





L To find tlie ccnlral onfle of cacli braneli, we Lavo Cf B = 2C. 
= 9° IS' 34", wbich is the central angls of the second branch. 
AEC=ABD—CED = A + B ~2CB1 = i'iV 26", 
is Ihe central angle of tbc first branch. 

45, Problem. Givta(Jig. 11) Ihe lungailJi A I = T^Bl—: 
Ihe angk of inttrifrlion = /, and ilia firtt radiut A E = B, to fmd 
KCvrnl radios DF ^ R'. 

Suppose ibc Urst curve to he ran with the Ri«pn radi 
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D draw Z) P parallel \a Al, and wa haTe IP ^DO^ AO^ 
EtaxL^IiS 4). Then in the triangle Z)P J3 we have Z)P ^10^ 
AI—AO^^ r~72tan.J/,Z?P=i=5/— /P=r'— 72tan.J/, 
and the included angle Z) P Z? = ^ /Z? = 180*^ ~ 7. Hnd in this tri- 
angle the angle CBIy and the aide B D. The remainder of tite solution 
is the same <u in ^ 44. The determination of the point D in the field 
is also the same, the angle IAD being here « ^ /. /NVhen D is 
;rcater than A, that is, when the greater i-adias is given, the solution is 
the same, except that DP ^ R tan. J /— T, and BP ^ R tan. J 7 

— T'. 

Example. Given T = 44732, T' = 510.84, 7 == 15<>, and R = 8000, 
to find 72'. Here 72 tan. J 7 = 3000 tan. 7 J® = 394.96, DP^ 447.32 

— 394.96 = 52.36, Z?P = 510.84 — 394.96 = 115.88, and DPD^ 
180^ — 15° = 165°. Then (Tab. X. 14 and 12) 

BP ^DP ^ 03.52 1.802910 

\ {BDP + PBD) = 7° 30' tan. 9.119429 

0.922339 
BP + DP =^ 168 24 2.225929 

} {BDP — -PBD) = 2P 50' 44" tan. 8 696410 

,'.PBD^ CZ?7=4'^89'16" 
Next, to find iBZ>, 

Z)P = 52.36 1.719000 

Z)Pi3 « 15° sin. 9.412996 



1.131996 
PBD = 4^30' 16" sin. 8.909266 



BD= 167.005 2.222730 

Tbe tangents in this example were calculated from the example ii 
^ 44. The values of CBI SLud B D here found differ slightly from 
those obtained before. In general, the triangle DBP is of better 
form for accurate calculation than the triangle ADB. 

46. If no circumstance determines cither of the radii, the condition 
may be introduced, that the common tangent shall be parallel to the 
line joining the tangent points. 

Problem. Given thi line AB = a (Jig. 12), which unites the 
fired tangent points A and B, the angle I A B =■ A^ and tfie at\^(« 
-4 BI=B, tojind the radii A E =i R and B F — B) of a compound 
funv, havirtff tite common tangent D G paralld to A 13. 
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sAirAU; for the angle D J C = i /Z) C = J /^ a, anj iJie 
GDC=\DGI^IABI. Then in the trmngle J CB wo 
A C:AB'-%ia. AliC: sm. ACB. Hot ACB=^ 180° — 
B + CC J) = 180= - ^ (,1 + C), Find as the eino of llie inp. 
snt of an angle U tho eama in iho sine of (lie angle itself, 
ICB = Ein. i(-^+ S). Therefore A C:a = i\a. J B : sin. 
+ C), or J (7 = a^'^x^B) • I" " ='■"''"■ """'"er "e eIiodIiI 
^ '^ = , T n°r^+^g i ■ N<»' "e Imvo (4 GB) ii = "ST^ ■ """l 
-;^-j-p-,or, snbsdtmmgilLOTalucEof^ Cana ZJ C just fonnd, 



_i^ 



i.in 






^-M 



6m.id8in.i(..l + C)' "" sm.J/;sin.i(.l + ZJ)- 
'S'tfe ff/Ven a = 950, A = 8°, and B = 7", to find RtadB 
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} a = 475 2.676;»94 

J B ^ 3» 30' sin. 8785675 

1.4G2369 
i A = 4° sin. 8.843585 

K^ + 5) = 7° 30' sin. 9.115698 

7.959283 



R — 3184.83 3.503086 

I'ransposing these same logarithms according to the formala for R 
«e have 

J a = 475 £.676694 

iA^4? sin. 8.843585 

1.520279 
J Z? = 30 30' sin. 8.785675 
J (A -f- Z?)= 7^ 30' sin. 9 U5698 

7.901373 



72' = 4158.21 3.618906 

47. Problem* Given the line AD = a {Jig. 12), which unites the 
jixed tangent points A and Bj and tlie tangents AI = T and D 1 = T\ 
wjind the tangents A D = x and B G = 1/ of the two branches of a com- 
pound curve J having its common tangent D G parallel to A B. 

Solution, Since D C — A D = x^ and C G = B G — y, wc have 
D G — X -{- y. Then the similar triangles IDG and I A B give 
ID : lA ^ DG : AB, or T — X ' T = X + y : a. Therefore 
aT — ax =- Tx + Ty (1). Also a i A I = B G : B T, or 
xiT==y:Tf. Therefore Ty == T r ("). Substituting in (1) the 
Talue of Ty in (2), we have o 7*— ax ^ T x + T' x,or ax+Tx-^- 
Tfx==aT] 

a + T+T'' 

T'z 

and, since from (2),y = -^ , 



a-hT+T' 

The intersection points'!) and G and the common tangent pomt C 
are now easily obtained on the ground, and the radii may be found by 
^the asaal methods. Or, if the angles TA J3 = A wvCi ABl ^=^ Ti 
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have been measured or calculated, we have (§ 5) 72 = x cot. J A, and 
W s= y cot. J D. Substituting the values of x and y found above, Wd 

have li = a+T+Ti » ^"" ^^ = i+~r + T' • 

Example. Given a = 500, T = 250, and T' = 290, to find x and y 
Here a + T + T' = 500 + 250 + 290 = 1040 ; whence x = 500 X 
250 -i- 1040 = 120.19, and y = 500 X 290 -J- 1040 = 139.42. 

48. Problem. Given the tangents AI ^ T, D 1 =T\ and tht 

angle of intersection /, to unite the tangent points A and B {Jig. 18) 6y a 
compound curve, on condition that tite two branches shall have their anglei 
of intersection IDG and I OD eqwd. 



Fig. 13. 




SHutum. bince JDG = lGD=^^l,we have ID — J G, Rep- 
resent the line I D = 1 G by x. Then if the perpendicular III he let 

* The radii of an oval of given length and breadth, or of a three-centre arch of given 
ipan and rise, may also be found from these formulas. In these cases A-\- B*» 90^, 

aT 

and the values of R and JJ' may be reduced to iZ =* — p-=7 =• and Bf ■- 

tl -\- J. — JL 
a T* , 

^:r~2'—-'P7 • Tbeae ralues admit of an easy construction, or tjiey may be ^eadl^^ 
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fall from 7, we have (Tab. X. 1 1 ) Z) ZT = /Z) cos. IDG =^x cos. \ /, 
%iidZ>G = 2Tcos. i/. But DG^DC^ CG^AD + BG^ 
r— j;+ r'--ar= r+ T'— 2x. Therefore 2 x cos. i / = 
ir+r'~2a-, or2ar + 2x cos. i / = T + T' ; whence x =• 

l4^H^i>or(Tab.X.25) 

COS.* i I 

The tangents AD ^ T — x and B G = T' — x are now readily 
found. With these and the known angles of intersection, the radii oi 
deflection angles may be foand (§ 5 or § 11). This method answers 
Tery well, when the given tangents are nearly eqaal ; but in general 
tlie preceding method is preferable. 

Example. Given T = 480, T' =^ 500, and / = 18®, to find x. Here 

^(1+ Tf) = 245 2.389166 

i 7 = 4'» 30' 2 COS. 9.997318 

X r= 246.52 2.391848 

Then A 7) = 480 — 246.52 = 233.48, and jB G = 500 — 246.52 =» 
253.48. The angle of intersection for both branches of the curve being 
9°, we find the radii AE = 233.48 cot. 4'* 30' = 2P66.65, and 7? F =- 
253.48 cot. 4° 30' = 3220.77. 



Article III. — Turnouts and Crossings. 

49. The usnal mode of turning off* from a main track is by switch- 
ing a pair of rails in the main track, and putting in a turnout curve 
tangent to the switched rails, with a frog placed where the outer rail 
of the turnout crosses the rail of the main track. A B (fig. 14) repre- 
sents one of the rails of the main track switched, jBF represents the 
outer rail of the turnout curve, tangent to A 7?, and F shows the posi- 
tion of the frog. The switch angle, denoted by S, is the angle DAB, 
formed by the switched rail A B with A 7>, its former position in the 
main track. The frog angle, denoted by Fj is the angle GFM made 
by the crossing rails, the direction of the turnout rail at F being the 
tangent F M at that point. In the problems of this article the gauge 
of the track D C, denoted by g, and tlie distance D 7?, denoted by rf, 
are supposed to be known. The switch angle iS is aXso s\vp^o%t^ \» 
Ic known, since its sine (Tab. X. 1) is equal to d divided \i^ IVv^ \c.w\j;Va 
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of the switched rail. If, for example, the rail is 18 feet in length and 
d = .42, we have S « 1° 20'. 



A. Turnout from Straigid Lines. 

50. Froltlcm* Given tfie radius R of the centre line of a turpotd 
(Jig. 14), to find the frog angle GFM ^F and the chord B F, 




Solution, Through the centre E draw JE^ iiT parallel to the ni .ji» 
track. Draw B U and FK perpendicular to E K, and join E F, 
Then, since E Fis perpendicular to FM and FK is perpendicular to 
FG, the angle -E;r/i:= GFM = F; and since EB and B H &r6 
respectively perpendicular to AB and A Z), the angle EB H= DAB 

FK 
= S. Now the triangle E F^gives (Tab. X. 2) cos. EFK=' ^-p- 

But E F, the radius of the outer rail, is equal to R -^ i g^ and 
FK= CH^BH-^BC^BE cos. E BH^ B C ^ iR-\'h g) 
cos. S — (g — d). Substituting these values, we have cos. E FK = 
{R-\- ig)coB. S — (g>-rf ) 
R + iS 



or 



COS. F — COS. S — ^ . ■ - . 

From this formula Fmay be found by the table of natural cosines 
To adapt it to calculation by logarithms, we may consider g — dtoUi 
fqual to (f—d) COS. S, which will lead to no material error sinre 
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^ — rf is vcrj 8maU, and cos. S almost equal to unity. Tlie value of 
COS. F then becomes 

&• cos. F = ^^lziiL±AS2!i^. 

To find DF, the right triangle BCF gives (Tab. X.9) BF tm 

An,BFC ' But i? C = y — c/ and the angle BFC « BFE ^ 
CFE =- (900 _ \BEF)^{9(fi — F) =F-- ^BEF. But 
BEF ^ BLF — EBL = F— 5. Therefore B F C =^ F — 
J (F— /S) = J (F4- 5). Substituting these values in the formula 
for B Fj we have 

VW BF= iZlA—-., 

sin. J (F + 5) 

By the above formul® the columns headed Fand BF in Table V 
are calculated. 

Example. Given g = 4.7, d = .42, 6' = 1° 20', and R = 500, to 
find Fand B F Here nat. cos. S = .999729, ^r — rf = 4.28, R + ig 
c= 502.35, and 4.28 -5- 502.35 = .008520. Therefore nat. cos. F = 
.999729 — .008520 = .991209, which gives F == 7° 36' 10". Next, to 
find B F, 

g — d =^4.2S 0.631444 

J (F+ S) = 4° 28' 5" 'sin. 8.891555 

J5F= 54.94 1.739889 

51. Problem. Given the frog angle GFM = F {Jig. U), to 
find the radius R of the centre line of a turnouty and the chord B F. 

Solution. From the pi*eceding solution we have cos. F = 
,f + U)f ^g-(g-d) T^^^^f^^^ (72 + J <?) COS. F=(R + \g) 

cos. S — {g — d)yOT 

V3r R-¥i9= ^^^ 



cos. S — cos. F 
For calculation by logarithms this becomes (Tab. X. 29) 

r^ RA-\a ~ hSi^zJl 

Having thus found 22 + ^ <7, we find 72 by subtracting \ g. B f \m 
found, as in the preceding problem, by the formula 

9 sin 4- f 7^^ JL. S^~\ ' 
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Example. Given g = 4.7, d = .42, 5=1° 20', an'l F =r 7° to fiii4 
R. Here 

J (^ — <f) = 2.14 0.3304U 

J (F 4- 5) = 4° 10' sin. 8.861283 
J ( F — 5) r= 2° 50' sin. 8.693998 

7.555281 



ii + J ^ = 595.85 2.775133 

.'.R = 593.5 

52. Problem* To find mechanicallij the proper potion of a given 
frog. 

Sohitlon. Denote the length of the switch rail by /, the length of the 
frog by/ and its width by w. From ^ as a centre with a radios 
BII = 2/, describe on the ground an arc GHK{fig. 15), and from 
the inside of the rail at G measure G II = 2 d, and from H measure 
///v such that II K: D II ^ ^ w: f, or IIK:2l = i to '- f; thatU, 

II K = y . .Then a straight line through B and the point K wiU 
xtriko the inside of the other rail at F, the place for the point of tiM 



rrog. For the angle HB K has been made equal to J I\ and if B M 
be drawn parallel to the main track, the angle M B II is seen to be 
equal to J S. Therefore, MBK ^ B FC =- i {F •\- S), and thia 
was shown (§ 50) to be the true value of B F C. 

53. If the turnout is to reverse, and become parallel to the main 
track, the problems on reversed curves already given will in ^neral 
be sufficient. Thus, if the tangent points of the required curve are 
fixed, the common radius may be found by § 40. If the tangent point 
at the switch is fixed, and the common radius given, the reversing 
ojntand the other tangent point maybe found by ^ 37,i\\<i clvauga 
i>^ direction of the two tangents being here cquaV to S. 1iwx viWtvxxa 



TURNOUT FROM STRAIGHT LINES. 



35 



frog angle is given, or determined from a given first radius, and the 
point of the frog[ is taken as the reversing point, the radius of the sec- 
ond portion may be found bj the following method. 



54. Problem. Given the frog anjU Fand the distance EB = b 
{Jig. 16) betvoeen the main track and a turnout, to find the radius R' of the 
second branch of the tumouij the reversing paint being taken opposite F^ the 
point of the frog. 



Fig. 16 




Solution, Let the arc FD be the inner rail of the second branch, 
FG — W — J ^ its radius, and B the tangent point where the turnout 
becomes parallel to ihe main track. Now since the tangent FK\s one 
side of the frog produced, the angle IIFK = F, and since the angle 
of intersection at iTis also equal to F, BFK— J F(^ 2, II.) ; whence 

BFH^iF. Then (§ 6S) F G = ^rm , or R' - i g == 
&r^- ButBF=s5:^4B(Tab.X.9),oriB^=S^. Sub 
stituting this value of^ B Fy we have 

^ ^'-i^-^TF 

In measuring the distance HD = 6, it is to be oWtxe^i, XX\%X ^^ 
nridtbs of both mils must be included. 
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Kxample. Given 6 = 62 and F = 8^ to find IV. Here 

J6 = 3.l 

Ji?-F=44.44 
JF=4^ 

/2' — i^= 637.C8 
• . 72' = 639.43 



0.491369 
sin. 8.843585 



1.647777 
sin. 8.843585 



2.804198 



B. Crossings on Straight Lines. 

55. When a turnout enters a parallel main track by a second switch. 
it becomes a crossing. As the switch angle is. the same on both tracks 
a crossing on a straight line is a reversed curve between parallel tan 
gents. Let II D and NK(&g. 17) be the centre lines of two paral/e/ 
tracks, and HA and B K the direction of the switched rails. K now 
the tangent points A and B are fixed, the distance AB = a may be 
measured; and also the perpendicular distance B P = b between the 
tangents HP and B K, Then the common radius of the crossing 
ACB may be found by § 33 ; or if the radius of one part of the cross- 
ing is fixed, the second radius may be found by § 34. But if both fiog 
angles are given, we have the two radii or the common radius of a 
crossing given, and it will then be necessary to determine the distance 
A B between the two tangent points. 

56. Problem. Given the perpendicular distance GN=b (Jig. 17) 
between the centre lines of two parallel tracks, and the radii E C =^ R and 
CF =s W of a crossing J to find the chords A C and B C. 

Solution. Draw E G perpendicular to the main track, and A L^ 
CM^ and BD parallel to it. Denote the angle AE C by E, Then, 
since the angle AEL = AHG = 5, we have CEL = E -^ S, 
and in the right triangle CEM (Tab. X. 2), CE cos. GEM ^ 
R COS. {E-\- S) =^EM^ EL — LM. But EL = AE cos. AEL 
= R COS. S, and LM : fj' 31 ^ A C : B C. Now A C : B C :=* 
EC'.CF^R'.RK Therefore, LM.UM^R: R', or LM: LM 
+ LfM= R:R-{- R'l th€iti3,LM:b'-2d=R:R-\-R', whence 

Substituting these values of E L and L 3/ in th« 



£.1/ = ?<*-="" 



equation for 72 cos. (E + /5), we have R cos. {E -{• S) — R cos. S — 
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. • . COS. (^ + iS) = COS. S — 



b — 2d 



R + R* 

Having thas found E -{- S, we have the angle E and also its equal 
CFB. Then « 69) 

^ AC^2R8in.iE; ZJ C « 2 i2' sin. J i?. 

We have also AB^AC-^-BC, since ^ C and B Care in the 
eame straight line (§ 82), or AB ^ 2 {R-\- Rf) An. i E. 




When the two radii are equal, the same formala apply by making 
/2' = 72. In this case, we have 

6 — 2c/. 



cos. (E-[-S) = cos.S 



2R 



tS^ 



AC= DC= 2Rs\n.iE. 



Ezample. Given d = .42, g = 4.7, 5=1° 20', 6 = 1 1 , and the an- 
gles of the two frogs each 7°, to find A€=^BC=iAB. The 
common radius 7?, corresponding to F = 7°, is found (§ 51) to be 
593.5. Then 2R = 1187, 6 — 2 rf = 10.16, and 10.16 -r- 1187 = 
.00856. Therefore, nat. cos. (E + S) = .99973 — .00856 = .99117 ; 
whence E+ S=7°37' 15". Subtracting 5, we have E = 6^17' 15" 
Next 

2/2 = 1187 3.074451 

J ^ = 3° 8' 374" s^^- S."^^^^^ 
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C. Turnout from Curves. 

57. Problem* Given the radius R of the centre line of the matt 
track and the frog angle F, to determine the position of the frog by meam 
of the cJiord B F (Jigs. 18 and 19), and to find the radius R' of the cm- 
tre. line of tlie turnout. 




Solution. I. W'licn the turnout is from the inside of the curvt 
(fig. 18). Let A G and CF be the rails of the main track, A B the 
Bwitch rail, and the arc B F the outer rail of the turnout, crossing the 
inside rail of the main track at F, Then, since the angle E FTC has its 
sides perpendicular to the tangents of the two curves at F, it is eq^ual to 
the acute angle made by the crossing rails, that is, E FK = F, Also 
EBL = S. The first step is to find the angle BKF denoted by K, 
To find this angle, we have in the triangle B FK{Tfih. X. 14), BK'\- 
KF: B K— KF=^ tan. J (BFK-^- FBK) : tan. J (BFK— FJiK). 
But Z? a: = 72 + J ^ — rf, and KF == R — ^ g. Therefore, B K -\- 
KF = 2R — d,tLndBK— KF=g ^d. Moreover, BFK^ 
BFE + EFK=^BFE-\-F, and FBK^EBF—EBK^ 
BFE — S. Therefore, B F K— FBK ^ F -{- S. Lastly, B FK 
4- FBK = 180° — K. Substituting these values in the preceding 
t-roportion. wehare 2 R — d:g—d = tan. (90° — J 7v ) : tan. J (F4- 5), 
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, _- (2 R — d) tan. I (F ■{- S) ^ ^ ^ .^^^ . «v 

9r tan. (90° — J 2^ = g-a • ^"*^ *^"- (^° — i ^ 

- cot. J r = ^;i^7y^ ; 

.. • . tan. J 7l = 



<2 72 — d) tan. ^ (F+ S) 
Next, to find tho chord B F^ we hare, in the triangle B FC 
(Tab. X. 12),BF«^^^^§^. But 5 C^.g-d, and i? CF- 

180O — FCK = 180° — (90° — J AO = 90O + J ^, or sin. BCF 
= cos.Jir. Moreover, ^1^(7== J (F+ 5); for BFK^KFC 
+ BFC,sindFBK=^KCF^BFC=KFC-'BFC. There- 
fore, BFK—FBK=^2BFa But, as shown above, BFK — 
FBK=F'{- S. Therefore, 25 FC=:= F+ /^, or2?F(7= J (F+ S). 
Substituting these values in the expression for B F, we have 

rw BF— ^9 — ^) COS. I TT 

6in.J(F+^') ■ 

Lastly, to find 72', we have (§ 68) i2' + J^r = J^JF = Bm^^^J^ 
But BEF ^ BLF ^ EBL, and BLF = LFK+ LKF^ 
F'{-K. Therefore, BE F =^ F -{- K— S, and 

^'^ sin. J (i^ 4- ^-6') 

11. When the turnout is from the outside of the curve, the preceding 
solution requires a few modifications. In the present case, the angle 
EFKf = F (fig. 19) and EBL = S. To find K, we have in the 
triangle B FK, KF -\- B K i KF — B K =^ tan. J {FBK + 
BFK) : tan. J {FBK—BFK). But KF=^R + J^r, and 5^ 
«12--J^ + c?. Therefore, TTiJ' + BK^2R-\-d, and A'i?' — 
Bit = g — d. Moreover, FBK ^ 180° — FT? L = 180° — 
(EBF^EBL) = 180° — (JE^B-P — /S^), and BFK ^ 180O — 
T?/'^' == 180^ — (C-PJ5; + EFK') = 180O — {EBF + F). 
Therefore, FBK—B FK =^ F -{- S. Lastly, FBK'{-B FK = 
180^ — iT. Substituting these values in the preceding proportion, we 
have 2R -\-d '. g — d = tan. (90° — J A) : tan. J (^ + ^)i ^ 
tan. (90- - J /T) = (^^^'^i^^J (Z±^ . But tan. (90O - } /T) - 



~'-i^=to:Vjc' 



""■ * ^' (2 /i + il) VMv. ^ (,F -V s^ 
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Next to find B F, we hare, in the triangle D F *^ 3¥ 

m:i. ufc" • Bat 5 C = ^ — if, and JB C/* — 90^ ^ X 

E. 



Fig. 19. 




lin. DCF^ COS. i /C Moreover, BF C = i {F ■\- S)-; for BFK 
^r.KFC—BFC.fmd FBK^KCF-\- BFC= KF C+BFC 
Therefore, FU K— BFK== 2BFC. But, as shown above, FBK— 
BFK=F-\-S. Therefore, 2 2?FC=F+ 5, or i3FC=i(/^ + 5> 
Substituting these values in the expression for B F^ we have, as befbrei 



vsr 



BF= ( <7 — <0co3. j-X * 
"sin. J (^ + ^) ' 



Lastly, to find A*', we have (§ 68) 72' + J<7 = ^/'' = r*^ Vb"** 



sin. ^ £ EF 



* Since I iv i« generuUy Tcry small, an approximate ralm of BF may be obtained 



by making cos. § K = 1. 



Tliis gires .EF=» -. — " ,«'.-«» ^l»lcli is identical 
** sin. J (F+ o) 



with the formula for R F in ^ CO. Table V. \rtll, tlicrefbre, give a close approscima- 
<Apa to ihe ralae ofBFon carrot Abo, for any value of F cowUducOiViEv l\i« Vaii\% 
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} 

Bat BEF = BLF-'EBL^AndBLF.^LFK —LKF ^m 

F—K. Therefore, 2?A^F=:F—ir—iS; and 



f3r Rf + ig^^ 



jBF 



8in.i (F—K'-'S) 

Example, Given g = 4.7, d « .42, 5 = !<> 20', R = 4583.75, and 
/* = 7", to find the chord B F and the radius 72' of a turnout from tlio 
mtUide of the curve. Here 

(7 — rf = 4.28 0.631444 0.631444 

2R-\-d= 9167.92 3.962271 

1 (F + 6') = 4° 10' tan. 8.862433 sin. 8.861283 

2.824704 1.770161 



iK=22' 1.8" tan. 7.806740 cos. 9.999991 

BF=^ 58.905 1.770152 

2 0.301030 



I (F— 7^:— 6') = 2^ 27' 58.2" sin. 8.633766 



8.934796 



72' + J y = 684.47 2.835356 

r.R' = 682.12 

58. Problem* To find mechanically the proper poniion of a given 
frog. 

Solution. The method here is similar to that already given, when 
the turnout is from a straight line (§ 52). Draw B 3/ (figs. 18 and 19) 
parallel to F C, and we have FB M == B F C = ^ {F + S), as just 
shown (§ 57). This angle is to be laid off from B M; but as Fis the 
point to be found, the chord F C can be only estimated at first, and 
B M taken parallel to it, from which the angle ^ {F -\- S) may be 
laid off by the method of § 52. In this case, however, the first meas- 
ure on the arc is </, and not 2d] since we have here to start from BM^ 
and not from the rail. Having thus determined the point /^approxi- 
mately, B Mmay be laid off more accurately, and /^ found anew. 

59. When frogs are cast to be kept on hand, it is desirable to have 
them of such a pattern that they will fall at the beginning or end of a 
certain railj that is, the chord BF is known, and iVvc aT\^\ci F \a xv 
gu/rcd. 
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Problem* Given tJte position of a frog hy means of the chord B F 
{Jigs, 14, 18, and 19), to determine tlie frog angle F. 

Solution. The formala BF =^ rin. 4(F+ g) > ^^^^^ ^ exact ob 
straight lines (§ 50), and near enT>ugh on ordinary cnnrcs (§ 57, note), 
gives 

By this formula ^ (F -{• S) may be found, and consequently F. 

60. Problem* Given the radius li of the centre line of the main 
tracks and the radius R' of the centre line of a turnout, to find tlie frog 
angle F, and the chord B F (Jigs. 18 and 19). 

Solution. I. When the turnout is from the inside of the cunre 
(fig. 18). In the triangle B E Kfnd the angle BEKand the side E K. 
For this purpose we have BE — R''\r^g, BK^R-\-ig — c/, and 
the included angle EBK = S. Then in the triangle E FK'we have 
£;^, as just found, J5:F= R' + i g.oxid FK = R— ^ g. The frog 
angle E FK= F may, therefore, be found by formula 15, Tab. X, 
which gives 

ty tan. JF^jHESHEfl, 

^ s (s — a) 

where s is the half sum of the three sides, a the side E K^ and h and c 
the remaining sides. 

Find also in the triangle EFK the angle FE K^ and we have the 
angle B E F == BEK — FEK. Then in the triangle BEF^t 
have (§69) 

B F = 2 {R' -{• i g) sin. i BE F .* 



II. "When the turnout is from the outside of the curve (fig. 19). In 
the triangle B E KJind the angle BE K and the side E K, For thifl 
purpose we have BE — Rf-\'igiBK=^R — J^' + c?, and the in- 
cluded angle E B K ^ IS(P — S. Then in the triangle EFK wp 
have -EX; as just found, E F = R' + J^r, and FK = R-{-ig. Tlie 
angle EFK may, therefore, be found by formula 15, Tab. X., which 

gives tan. J E FK = \ ^'~^^J}1 '^ . But the angle E FK' = F 



* The value ot B F may be more easily found by the approximate formula BF^ 
■z — ffjp, yi t ^^^ geoeraDy with sufflcient accuracy. See note to $ 57. Thii Wk 
lOArlr applies also to BFin the second part of this solution. " •: 
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^lecP-^EFK, Therefore i F == WP — iE FK, md cot. Jf'« 
fjLiEFK; 

t^ r.cotiF^Jit=zP±^, 

^ »(» — a) 

where s is the half snm of the three sides, a the side EK, and b and c 
the remaining sides. 

Find also in the triangle E FKthe angle FEK^ and we have the angle 
BEF=^FEK'-BEK. Then in the triangle 5 -SJT we have (§ 69) 

ISr BF=2{Rf -{-ig)sm.iBEF. 

Example. Given g = 4.7, d = .42, /S = 1° 20', R = 4583.75, and 
R' — 682.12, to find i^and the chord 5 Fof a turnout from the outside 
of the curve. Here in the triangle /? -EX" (fig. 19) we have BE ^ 
72' -f J^ = 684.47, jB ^ = 72 — J^r + rf = 458182, and the angles 
BEK+BKE^S^l"" 20'. Then 

BK--BE = 3897.35 3.590769 

i(BEK-\'B KE) = 40' tan. 8.065806 

1.656575 

S2r+ I? ^ = 5266.29 3.721505 

i(BEK—B KE) * = 29.6029' tan. 7.935070 

.'.BEK= 1° 9.6029' 

J? jjT ||t(| IT I? IT 

EK is now found by the formula E K = — gin.gjg z~ » °^ ^°ff' -^-^ 
« log. 4581.82 + log. sin. 178° 40' — log. sin. 1° 9.6029' = 3.721491, 
whence -B 75:=: 5266.12. 

Then to find F, we have, in the triangle EFK, » = J (5266.12 -f 
684.47 + 4586.10) = 5268.34, » — a = 2.22, « — 6 = 4583.87, and 
,-.c = 682 24. 

s _ 6 = 4583.87 3.661233 

« — c = 682.24 2.833937 



8 = 5268.34 3.721674 
s — a — 2.22 0.346353 



6.495170 



4.068027 
2)2.427143 



J-P= 3°3C' cot. 1.213571 

•.F= 7° 



* TUi angle and the sine of 1° 9 6029' below, are found by the method ^ven Iti 

aoniMOttai vitb IWbJe 2II7. Jf the ordinary interpoUttooi Y><^ ^«**n. ^qmAl^ ^« 

jtbould bM99 Hmta F'^ToTt vrheictLS it shoold 1» 9* ^2«i* 
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To find FEKi we have 5 as before, bat as a is here the side FK 
opposite the angle sought, we have s — a == 682^4, # — 6 = 4583^7, 
and 8 — c = 2.22. Then by means of the logarithms just used, we 
find J FE A: = 3^ 2' 45". Subtracting ^BEK^^ 34' 48", we hate 
iBEF = 20 27' 57". Lastly, BF = 1368.94 sin. SP 27' 57" » 
58.897. 

The formula 2?/'= ^^^ [^^^ ^ (§ 67, note) would give BF^ 

58.906, and this value is even nearer the truth than tliat just foaiHl, 
owing, however, to no error in the formulsc, but to inaccuracies inci* 
dent to the calculation. 

61. If the turnout is to reverse, in order to join a track parallel t« 
the main track, as A CB (fig. 20), it will be necessary to determine 
the reversing points C and B. These points will be determined, if wt 
find the angles AE C and BFC, and the chords A C and CB. 

62. Problem. Given the radius DK= R {Jig 20) qf the caUn 
line of the main track, the common radius E C = CF = R' of the cefitn 
line of a turnout^ and tlie distance B G = b between the centre lines of th 
paralld tracks, to Jind the central angles AE C and BFC and the chords 
ACandBa 




Sffmtum. In t?ic Irianf/le A E K find the angle A E K and llie stdft 
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E K For this purpose we have AE — R\AK^ R — d^ and the 
included angle EAK==S, Or, if the frog angle has been previously 
calculated by § 60, the values of .4 jK^ and EK are already known.* 
Find in the trianple EFK Hie angles E FKand FE K. For this 
purpose we have E K, as just found, EF ^^^W^ and FK=^ R + 
JRf — fc. T/ten AE C ^ AEK — FEK.and BFC = EFK. 
liastly, (§69) 

V^ AC=2R sm^AEC) C B == 2 R' sin. ^BF C. 

This solution, with a few obvious modifications, will apply, when 
tlic turnout is from the outside of a curve. 

D. Crossings on Curves. 

63. When a turnout enters a parallel main track by a second switch, 
it becomes a crossing. Then if the tangent points A and 5 (fig. 21) 
arc fixed, the distance A B must be measured, and also the angles 
which A B makes with the tangents at A and B. The common ra* 
dius of the crossing may then be found by 4 40; or if one radius of the 
crossing is given, the other may be found by 4 38. But if one tangent 
point A is fixed, and the common radius of the crossing is given, it 
will be necessary to determine the reversing j>oint Cand the tangent 
point B. These points will be determined, if we find the angtes AEC 
and BFC, and the chords A C and CB. 

64. Problem. Given the radius DK= R (fg. 21 ) of ilie centte 
line of the main track, the common radius E C = CF^^ R' of the centre 
line of a a^ossing, and the distance D G =^h between the centre lines oftJie 
-parallel tracks^ to find the central angles AE C and B F C and tlie cltords 
A Cand CB. 

Solution. In the triangle AEK find the angle AEK and Hie side 
E K. For this purpose we have A E =^ R', A K == R — c/, and the 
included angle EAK=^ S. 

Find in the triangle B FK the angle B FKand the side FK. For 
this purpose we have BF = R', BK = R — 6 + c?, and the included 
angle FB K = 180° — S. 

Find in the triangle EFK the angles FEKand EFK. For this 



• The fa^SBgle A^K does not correspond precisely with B E K In S ^i A. \«\tv^ 

on the centre line and ^OQ tho outer rail ; but the dUTerence is loo s\\%\v\> \.o w^<«i&\ 
tJttm cmlcalatiooM. 
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purpose we have E K and FK as just found, and EF ^bx^'BJ. Ihn 
AEC^AEK—FEK.andBFO^^EFK—BFK. LasUy 
(h 69,) 
1^- ^C=2/2'sm.J^J5C; CB ^ 2W sm.\BF C. 

D 




Article IV. — Miscellaneous Pkoblems. 

65. Problem* Given A B =^ a {Jig. 22) and the perpendicular 
BC=byto find the radius of a curve that shall pass through C and ths 
tangent point A, 

Solution, Let be the centre of the curve, and draw the radii A O 
and C and the line CD parallel toAB, Then in the right triangle 
CODvfQ have C = CD* + OD*. But OC^R^CD^ a, and 
OD=^AO — AD^R — h. Therefore, i2« = a« + (R — h)* ^ 
a' -f 72» — 2 i26 + 6«, or 2/26 = a« + 6«; 



CF- 



.•./2 = ^ + J6. 
26 * 



Example, Given a — 204 and 6 = 24, to find R, Here R 

204-' 24 
sjcW -7^ ^ = fi67 -f 12 = 879. 
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66. Corollary 1. If R and 6 are given to find Ali =^a, that 
is, to determine tlie tangent point from which a carve of given radius 




Fig. 22. 



mast start to pass through a given point, we have (§ 65) 2Rb 
a«4-6«,ora« = 2i26 — 6«; 



.•.a = y6 (2/2 — 6). 

Example. Given 6 = 24 and 72 = 879, to find a. Here a ^ 
^2i (1758 — 24) = y 41616 = 204. 

67. Corollary ft* Jf R and a are given, and b is required, we 
have (4 65) 2 72 6 = a« + 6«, or 6« — 2 72 6 = — a«. Solving this 
equation, we find for the value of b here required, 



or 



b^R — y 72« — a«. 



68. Problem. Given the distance A C =^ c (fg. 22) and the an- 
gle B A C ^= A^ to find the radius 72 or deflection angle D of a curve, tliat 
ihallpass through Cand the tangent point A. 

Solution. Draw E perpendicular to ^ C7. Then the angle AOE 
=^iA0C^BAC=A(^2, III.), and the right triangle A OE givos 

(Tab.X.9)^Q^ ^^^^^ ; 

&- .•.72 = -l£_. 

sin. ^ 

To find Z), we have (§ 9) sin. Z) = -j^ . Substituting for 72 its value 



•nst found, we have sin. Z) = 50 -r- 
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ry 100 sin. A 

, ' . sin. D = 



Example. Given c = 285.4 and A = 6°, to find R and Z>. Here 
^^•7 ,^„^„ , . T^ 100 sin. 50 Bin. 50 . ,. ^^, 

^^ = ii^.'63 = 1637.3 ; and sm. D = -286:r~ == "2:854 = ^»"- ^ *^ 

orD = 1045'. 

69. Problem, (z/rcn the radius R or the deflection angle D of a 
curve, and the angle B A C = A (fig. 22), made by any chord with the 
tangent at A ^ to find the length of the chord A C =^ c. 

Solution. If 22 is given, we have (§ 68) R = ^j^j-^ J 
l^ . • . c = 2R sin. A. 

If D is given, we have (§ 68) sin. D = ^-^— ; 

100 sin. A 



l^ . c = 



sin. Z> 



This formula is useful for finding the length of chords, when a curve 
is laid out hy points two, three, or more stations apart. TIius, suppose 
that the curve ^ C7 is four stations long, and that we wish to find the 
length of the chord A C. In this case the angle -4 = 4/) and c = 

— ij—i^ — . By this method Table II. is calculated. 
Bin. JJ •' 

Example. Given R =: 2455.7 or D = 1° 10', and ^ = 4° 40', to 

find c. Here, by the first formula, c = 4911.4 sin. 4° 40' = 399.59. 

T^ , , i. , 100 sin. 40 40' „„„.« 

By the second formula, c = gin 10 lo' ~ 399.59. 

70. Problem. Given the angle of intersection KCD = / (fig. 23), 
and the distance CD = b from tJie intersection point to the curve in the 
direction of the centre, to find the tangent AC =^ Ty and the radius A O 
= R. 

Solution. In the triangle AD Cwe have sin. CA D : sin. AD C =i 
CD: AC. But CAD = iAOD^iI {^2,111. and VI.), and as 
the sine of an angle is the same as the sine of its supplement, 
sin. AD C = sin. A DE = cos. DAE== cos. } /. Moreover, CD 
= b and A C = T. Substituting these values in the preceding pro- 

6 cos i " 
portion, we have sin. J / : cos. 4 Z = 6 : T, or T' = - ^^ ' j' ; whence 

/Tab. X. 33) 
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T=6coti/. 

To find R, we have (§ 5) 72 = T cot J /. Substit jting for T it» 
ralae just fonnd, we have 

R^bcotilcot^l 




Fig. 23 



hsnmpU, Given / = 30°, b = 130, to find TanJ R. Here 

6 = 130 2.113943 

•il= 7030' 

T = 987.45 
JZ=15o 

72 = 3685.21 



cot. 0.880571 

2.9945U 
coc. 0.571948 



3.566462 



71. Problem. Given the angle of intersection KCB = I (Jig. 23), 
and the tangent A C =^ T^or the radius AO =^ R^to find C D •= b. 
Solution. If T is given, we have (§ 70) T = b cot. | /, or 6 =» 



«ot i / ' 



.•.6= Ttan. i/. 
If R is given, wc have (§ 70) 72 = 6 cot. | / cot. i 7, or 6 



wt i Jcot. i / ' 



. • . 6 = 7i tan. i I xaiv. \ I. 



lOij tin. _t 



aa. _ = 



Zsnmaiis. Oi^'in r = 2S5.t jxxii J. = 3°. ai riml R ami i>. fioi 



iir j> ^ : '■!.■>' . 



^nn^.. ^tid 'JM tsujtti EAC=J, Ja. ^-. wxtik 'm nay dkard mUk At 
9iwi}imi It A. 3> ji.ui :i(£ j^unju. j/zul 'jiari X C = c. 



T/r. ' ' '- -f- - r ^^u^ 
If Z> w ;5;7*n, w^ .;uiTe * €.?^ jizl Z/ = ^ — 

100 fia. ^ 



- c = 



sin, /> 



ThiA ffjrmalA is tuefol for finding die length of chords, when a carre 
in IakI r/flt }fj pf/mvt two, Uiree, or more stadons apart. Thus, suppose 
that the rmrra A Cis four stations long, and that we wish to find the 
length of the chord A C, In this case the angle A •=: \D and c -=* 

— . ' ^— . B/ this method Table IL is calculated. 

ICmmjtk. Given R =» 2455.7 or Z> = 1° 10', and ^ = 40 40', to 
Orxl r\ Here, by the first formula, c = 4911.4 sin. 4° 40' = 399.59. 

.. , ir 1 100iiln.4O40' „„„^^ 

IJy (li« second formula, c = ~"»in~ i"-* 10' ~ ~ 399.59. 

70. l*robleill« Given the angle of intersection KCD = 1 (Jig, 23), 
nml iU(* dintonca Of) ^- b from the intersection point to the curve in the 
iiirrviioH of thft centre^ to find the tangent AC = T^ and the radius A 

Stliidon. In the trlnnj!;lc A D Cwo have sin. CA D : sin. AD C» 
ri)\ .\{\ nut CA 7; --- J A /; « i / (§ 2, JIT. and VI.), and as 
(ho nitto of nn nti^lo is the same as the sine of its supplement, 
ulu. A /> (.' — f\\v A /> I) ' • ros. T>A E « cos. \ I. Moreover, CD 

— /) (\\\\\ A C —. T. Substituting these values in the preceding pro- 

/tnttfnn, ffd hnvc sin. J / : <\»s. i I --- b\T^ k^x T -^ "^Tv T '» '^^ence 
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Example, Given / = 20° 16', a = 600, and 6 = 80, to find x and 
B. Here c = 600 cos. 10° 8' = 590.64, 2 c — 6 = 1101.28, and x « 

yso X 1101.28 = 296.82. Then T = 600 + 296.82 = 896.82, and 
R = 896.82 cot. lO^ 8' = 5017.82. 

73. Prol^Iem* CUven the tangent A C (Jig, 25), and the cJiord 
A B, uniting the tangent points A and B, to Jind the radius AO — R. 




Fig. 25. 



Solution. Measure or calculate tJ!Tpeipendicuhr CD. Then U C D 
be produced to the centre 0, the right triangles AD C and CA 0, 
having thi angle at C common, arc similar, and give CD : AD s:s 
AC: A 0,0V 

CD ■ 

If it is inconvenient to measure the chord A B^a. line E F^ parallel 
to it, may be obtained by laying off from C equal distances CE and 
C F. Then measuring E G and G C, we have, from the similar tri- 
angles ^ (7 C and CAO, CG'.GE=^AC.AO,otR==^^^^^ 



C G. 

Exampk. Given -4 C= 246 and AD = 240, to find R. Here 

240 X 246 
64 



CD=i 54, and R = — ri -" = \OSja.;i:i. 
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74. Problem. Given the radius AO = R {Jig. 25), to find tht 
tangent A C = Tofa curvt to unite two straight lines given on ihe ground 

Solution, Lay off from the intersection CofUie given straight lines anji 
equal distances CE and CF, Draw Hie perpendicular CG to the mid- 
dle cf EF, and measure G E and C G. Then the right triangles 
E G C&nd CA Of having the angle at C common, are similar, and 
give GEiCG = AO:AC,OT 

p™ rp__ CGX A O 

^ ^ GE—' 

By this problem and the preceding one, the radius or tangent points 
of a curve may be found without an instrument for measuring angles. 

Example. Given A' = 1093 J, G E = 80, and C G = 18, to find T. 
18X1003 J 
Here / = ^80 ~~ ~ 

75. Problem* To find the angle of intersection I of two straight 
lines, when the point of intersection is inaccessible, and to determine the tan- 
gent points, when the length of the tangents is given. 

JSolution. I. To find the angle of intersection /. Let A C and C V 
(fig. 26) be the given lines. SigJU fvm some point A on one line to a 
point B on the other, and measure the angles CAB and TB V. These 
angles make up the change of direction in passing from one tangent to 
the other. But the angle of intersection (§ 2) shows the change of di- 
rection between two tangents, and it must, therefore, be equal to the 
snm of CAB and TB V, that is, 

13^ I^ CAB'\-TBV 

But if obstacles of any kind render it necessary to pass from A Cto 
B Vhy & broken line, as A D E F B, measure tlie angles C AD, ND E, 
P E F,RFB, and SB V, observing to note t/iose angles as minus which 
are laid off contrary to the general direction of these angles. Thus the 
general direction of the angles in this case is to the right; but the 
angle PE F lies to the left ofDE produced, and is therefore to be 
marked minus. The angles to be measured show the suqcessive changes 
of direction in passing from one tangent to the other. Thus CAD 
shows the change of direction between the first tangent and A D, 
ND E shows the change between A D produced and D E,P E F the 
c/ian^e between D£ produced and E F, RFB lV\c d\at\^e between 
^^produced and FB, and, lastly, SUV the c\mngc V)Gtw<i<iTv B F v^w>- 
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daced and the second tangent. Bat the angle of intersection (f 2) 
shows the change of direction in passing from one tangent to another, 
and it must, therefore, be equal to the sum of the partial changes 
measured, that is, 

/= CAD + NDE-PEJ^^RFD-\-SBV. 

t' 




II. To determine the tangent points. This will be done if we find 
the distances A Cand B C; for then any other distances from Cmay 
be found. It is supposed that the distance A 2?, or the distances A D, 
DE^E F^ and FB have been measured. 

If one line A B connects A and B, find A C and B C in the triangle 
ABC, For this purpose we have one side A B and all the angles. 

If a broken line ADE FB connects A and B, let fixll a perpendicular 
B G from B upon A (7, produced if necessary^ and find A G and B O 
hjf the usual method of working a traverse. Thus, if .4. C is taken as a 
meridian line, and DK, E L^ and FM are drawn parallel to A C, and 
Dlly E K^ and FL are drawn parallel to B Gy the difference of lati- 
tude ^ Cr is equal to the sum of the partial differences of latitude A If. 
DKfELy and FJ/, and the departure B G is equal to the sum of tlie 
partial departures DH, EK.FL, and B 3L To find these partial 
differences of latitude and departures, we have the distances A Z>, DE^ 
EFf and FB, and the bearings may be obtained from the angles 
already measured. Thus the bearing of A D is CAD, the bearing of 
DE is KDE = KDN+NDE = CAD-^r ND E.,^^'^^^^^ 
of EFla LEF ^ LEP— PEF = KB E. — P^^>^^ "^^^ 
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beeinngo{FBisMFB==MFR + RFB^^LEF-^-RFB; that 
is, the bearing of each line is equal to the algebraic sum of the preced 
ing bearing and its own change of direction. The differences of lati* 
tudc and the departures may now be obtained from a traverse table, 
or more correctly by the formulae : 

Diff. of lat = dist. X cos. of bearing ; dep. = dist. X sin. of bearing 

Thus, AU=AD cos. CAD,andDU=^AD sin. CA D. 
Having found A G and B G, we have, in the right triangle B GC^ 

(Tab. X. 9) GO =^ BG cot. Z? C G, and Z? C == ^^^C ff • ^^^ 
BCG= 180O — I. Therefore, cot. BCG = — cot. 7, and sin. SCO 

= sin. 7. Hence G C = — B G cot. 7, and BC ^ sin"/ * T^^"' 
since A C = A G + G^C, we have 

BG 



AC=-AG''BG cot. 7; BC = 



sin. 7 



When 7 is between 90° and 180°, as in the figure, cot. 7 is negative, 
and — B G cot. 7 is, therefore, positive. When / is less than 90°, 
will fall on the other side of 7; but the same formula for A C wil< still 
apply ; for cot. 7 is now positive, and consequently, — B G cot. / is 
negative, as it should be, since, in this case, A C would equal A G mi 
nus G C. 

Example, Given A D == 1200, DE ^ 350, EF = 300, FB^ 
310, CAD = 20°, NDE = 44°, PEF = — 25°, RFB = 31°. 
and SBV= 30°, to find the angle of intersection 7, and the distance.* 
^CandTJa 

Here 7 = 20° + 44° — 25° + 31° + 30° = 100°. To find A 
and B G, the work may be arranged as in the following table : — 



Angeles to 
the Right. 



o 
20 

44 

-25 

31 



Bearings. 



N. 20 E. 
64 
39 
70 



Distances. 



1200 
350 
300 
310 



N. 



1127.63 
153.43 
233.14 
106.03 



410.42 
314..58 
188.80 
291.30 



1205.10 



/_ / I 1620.23 

TheHrst column contains the observed angles. TVvci secoivii. ^ioxv\^\w% 



MISCELLANEOUS PROBLEMS. 



&5 



the manner already explained. A Cv& considered as running north 
from Ay and the bearings are, therefore, marked N. E. The other col- 
amns require no explanation. We find A G ^ 1620.23, and B G = 
1205.10. Then GC=^'-BG cot 1=^ — 1205.1 X cot. 100° = 
212.49. This value is positive, because it is the product of two nega- 
tive factors, cot. 100° being the same as —cot 80°, a negative quanti- 
ty. Then A C = A G -{• G C == 1620.23 + 212.49 = 1832.72, and 

B G — Bin ioqJ = 1223.69. Having thus found the distances of A 

and B from the point of intersection, we can easily fix the tangent 
points for tangents of any given length. 

76. Prol^lem* To lay out a cwve, when an obstruction of any kind 
prevents the use of the ordinary ntethods. 




Fig. 27. 



Solution. First Method. Suppose the instrument to be placed at 
A (fig. 27), and that a house, for instance, covers the station at B^ and 
also obstructs the view from A to the stations at D and E. Lay off 
from A Cf the tangent at A, such a multiple of the deflection angle A 
as will be sufficient to make the sight clear the obstruction. In the 
figure it is supposed that 4Dis the proper angle. The sight will then 
pass through F, the fourth station from -4, and this &ta.t\ftVL^>5vVVsfc^^- 
termined by measuring from A thelwvgX^a. ol ^'fe ^^x^ A.Y^Vsssk»S>.\s^ 
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4 69 or by Table II. From the station at F the stations at D and i I j] 
may afterwards be fixed, by laying off the proper deflections from tlu I ^ 
tangent at F, 

Second Method. This consists in mnning an auxiliary carve pand 
lei to the tme curve, either inside or outside of it For this pnrpose 
lay off perpendicular to ^ C, the tangent at A, a line A A* of any con 
venient length, and from A' a line A' C parallel Ui AC, Then A' C' 
is the tangent from which the auxiliary curve ^'£' is to be laid off. 
The stations on this curve are made to correspond to stations of 100 
feet on the true curve, that is, a radius through B' passes through J5, a 
radius through D' passes through Z>, &c. The chord A' B' is, there- 
fore, parallel to A Bj and the angle C A' B' = CA B ; that is, the dc 
flection angle of the auxiliary curve is equal to that of the true curve 
It remains to find the length of the auxiliary chords A^ B\ B' Z)', &c 
Call the distance AA'^b, Then the similar triangles ABO and 
A'B'O s\ye'A : A' O = A B : A' B', or R : R — b ^ lOOiA'B'. 

Therefore, A' B' = ''r~~~ = 100 — —j^ . If the auxiliary curve 

were on the outside of the true curve, we should find in* the same way 

A'B' = 100 + —^ . It is well to make b an aliquot part of 72 ; for 
the auxiliary chord is then more easily found. Thus, if n is any 

whole number, and we make 6 = — , we have A' B' = 100 :h —^ 

100 R 

= 100 ± — . If, for example, b = ^,wq have n = 100, and A'B 

= 100 ± 1 =101 or 99. When the auxiliary curve has been run, 
the corresponding stations on the true curve are found, by laying off 
in the proper direction the distances B B', DD', &c., each equal to 6. 

77. Prol^lcin* Having run a curve A B {Jig. 28), to cliange the 
tangent point from A to C, in such a tvay that a curve of ilie same radius 
may strike a given point D. 

Solution. Measure the distance B D from the curve to D in a direction I 
parallel to Hie tangent CE. This direction may be sometimes judged ' 
of by the eye, or found by the compass. A still more accurate way is 
to make the angle DBF equal to the intersection angle at E, or to 
twice BAEj the total deflection angle from Ato B\ or if .4 can bo 
seen from B, the angle DBA may be made equal to BAE. 
JJeasure on the tangent (backward or /ontxird, as tlic case TOaTj\)e^ a dU 
'ar/^r^^ C= BD, and C wiU he the new tangent point required. T£w,*^ 
^^be drawn equal and parallel to ^ F, v^e \iav^ F H ^Q>i^\ ^^^ V^ 



x:s:xi:_i.M:75 ieolilks. 
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^ C and cbere^:?* ^zz.il i 
ilF« Cfiiai 2/i?y- 










r.r.at. 




7a 








Sinee die radii v'? P' tnii '', '^ n-.- i/ . ./■.ifi;» .ii«ir '•» •■'•" p*'- 
C£ and B />. '!ipy tr^. /tnWi". o-a -w «v^**. N*-*- ' 
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CIRCULAR CURVES. 



ADF, the half-supplement of A FB, Hcnco A B and BCuttin the 

same stnught line, and the new tangent point C is the intersection of 

A B produced with CE, 

Represent ABby c^ and AC = c-{-BClnfc^, Meature B C, or^ if 

more convenient^ measure D C and find BC by calculation. To calculate 

D C 
B C from D C, we have BC^ aa,DBC ^^*'*- ^ ^)» *"^ *^® tMgle 

DBC= ABK^ BAK, the total deflection from J. to i?. Then 
the triangles ^F-B andAG C give -A J3:^C= BF: CG,or eic* 

c 
To find V, we hare (f 10) fi/ = ^ , and /J = 5^ . Sab- 

fiO 

stitnting these values in the equation for 72', we have ^ ^y '^ 

€ >^ sin. i) » 

— =» C 

S** • • • sin. Zy = -7 sin. D, 

79. Problem. 6^tven t^^ length of two eqttd chords A C and B C 
Ify. SO), and the perpendicular CD^ to find the radius R of the eiirrc. 




Fig. 30. 



Solution. From O, the centre of the curve, draw the perpendicular 
OE. Then the similar triangles OBE and B CD give B : BE 
^BC: CD,OTR:iBC=BC:CD. Hence 



72 = 



BC* 
2 CD 



MISCELLANEOUS PROBLEMS. 
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This problem senres to find the radius of a carve on a track alreadjr 
laid. For if from any point C on the carve we measare two equal 
chords A Cand B C, and also the perpendicular CD from C upon the 
whole chord A By we have the data of this problem. 

80. Problfim* To draw a tangent FG (Jig. 80) to a given curve 
from a given point F, » 

. Solution, On any straight line FA^ which cuts the curve in tivo points, 
measure FCand FA, the distances to the curve. Then, by Geometry, 



FG^^FCxFA. 

This length being measured from F, will give thcf point G. When 
F G exceeds the length of the chain, the direction in which to measure 
it, Ro that it will just touch the curve, may be found by one or two trials. 

81. Problem* Having found the radius AO == R of a curve 
{Jig. 31 ), to substitute for it two radii A E ^ Ri and DF^R^^ths 
longer of which AE or BE^ is to be used for a certain distance <ndy at 
mth end of the curve. 



Fig. 31. 




Jis/u^£m, ^ 



«* of any length which maq Ve tK«>« 
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pn/per, and find (§ 9) Hie corresponding deflection angle D^ . SappoM 
that each of the carves A D and B D' is 100 feet long. Then drawing 
C 0, we have, in the triangle FOE,OE:FE^sia.O FE : sin. FOE, 
But the side OE ^ AE — AO ^ Ri — R, FE=^DE-^DF^ 
/Ji — 722, the angleFC?^= ISQO — -10C= 180O— ^7, and the 
angle OFE =» AOF— 0EF-=^\I—2D^, smc^ OEF^^Dt 
(47). Substituting these values, and recollecting that sin. ( 1 80® — J /) 
= sin. J 7, we have TJj — RiR^ — 722 = sin. (J /— 2 Z),) : sin. J 7 
Hence 

sin.(J7 — 2A) 

7^3 is then easily found, and this will be the radius from D to Z>', or 
until the central angle DFJy = I—AD^. 

The object of this problem is to furnish a method of flattening the 
extremities of a sharp curve. It is not necessary that the first curve 
should be jtfst 100 feet long ; in a long curve it may be longer, and in 
a short curve shorter. The value of the angle at E will of coiifBe 
change with the length of A Z), and this angle must take the place of 
2 Z>| in the formula. The longer tlie first curve is made, the shorter 
the second radius will be. It must also be borne in mind, in choosing 
the first radius, that the longer the first radius is taken, the shorter will 
be the second radius. 

Example, Given 72 =» 1146.28 and 7= 45°, to find 7^2 , if 72^ is as- 
sumed = 1910.08, and AD and 7? 7)' each 100. Here, by Table L, 
Z)i = 1° 30'. Then 

7?i — 72 = 763.8 2.882980 

J 7 = 220 30' sin. 9.582840 

2.465820 
\ I— 2 7>i = 19® 30' sin. 9.523495 

72i — 722 = 875.64 ' 2.942325 

.'. 72, «- 72x — 875.64 = 1034.44 

82. Problem* To locate tJie second hroj^ch of a compound or re* 
versed curve from a station on the first branch. 
S?/iaion, Let A B (fig. 32) be the first branch of a compound curve, 
»Bd Z? its deflection angle, and let it be required to \oeaX» i^<i ^^^^'lA 
Araoch A B% wliose deflection angle is D', from som^ ^VaxXatk B 
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La n be the number of stations from AtoB, and n' tlie number of «fa- 
fums from A to any station B' on the second branch. Represent by Vths 
angle A B B', which it is necessary to lay off from the chord BAto strike 
B', Let the corresponding^ an^l^lc AB' B on the other carve be repre- 




Fig. 32. 



scnted by V. Then we have F+ V =^ IS0<^ — B A B' . But if 
TTf be the common tangent at A, we have TA B'\-T'AB'=nD 
4- n'D' =180° — BAB', Therefore, ¥+ V = nD '\- n' Df. 
Next in the triangle AB B' we have sin. V : sin. V= AB : ABK 
But AB\ AB' =-n\n\ nearly^ and sin. V : sin. F= F' : F, near- 

ly. Therefore we have approximately F' : F = n : n', or F' = -, F. 

Substituting this value of F' in the equation for F-h F', we have 

r-l- ^ F= nD-\-n'D'. Therefore, n' F+ n F= n'(nD-\- n' D% or 

The same reasoning will apply to reversed curves^ the only change 
being that in this case V -\- V = nD — n' D'^ and consequently 



B^ F = 



n' {nP — n'D') 
n-\-n' 



When in this formula n' D' becomes greater than nD^ V becomes 
minus, which signifies that the angle F is to be laid off above B A in- 
stead of below. 

This problem is particularly useful, when the tangent point of a 
cur\*e is so situated, that the instrument cannot be «ct over it. The 
same method is applicable, when the curve A B' starts from a straight 
line ; for then we may consider A B' as the second branch of a. coxa- 
ponnd cnrre, of which the straight Jine is the first bTaTVc\\,\\a.V\xv^ \\,^ 
rad/aa eqaal to in/iDity, and its deflection angle D = 0. '^sV^Vvcv^ 
l?=0,tbe formula for ^becomes 



CIOCDLAS CUKrKa. 



When n snd n' are eacb 1, the fommU for V\a in all cosm exi 
for then the aupposition Ihnl V : K= n : n' ia strictly tnie, liiiM AB 
will equal A B',Ani Fand V, being angles at the base of aa iioaceli 
triangle, will also be equal. Makicgn and n' eqoal to I, «« hare 



When tho ci 
making D == 



V-ilD + D'l. 

starU from a straight line, this fonnala bccomcb, bj 



We hare seen that when n or u' is more than 1, Ihc valae of Fit 
onlj approximate. It is, however, so near ttie truth, that nhen nei- 
ther n nor n' exceeds 3, the error in curves np lo 5° or H" varies from 
a fraction of a second to less than half a minute. The exact ralueof 
F might of course bo obtained by solving the triangle ABB', in 
which the sides A B and AB' may be found frum Table II., and lb* 
included angle at A is known. The extent to which theta rormnla 
may be safely naed ataj be seen by the following table, which girM 
ibe approximate values of Ffor several different values of n, n',D, * 
and D', and also the error in each cose. 





i Cur™ 




H™r«d 


Carr™. 




■. 


J>. 


«', 


d: 




Error. 


i^ 


b. 


«■. 


ff. 


V. 


Kmw. 


1 




^ 


? 


4° 10 


(1.9 


, 


.1 




S 


7° 12 


.?V 




1 


fi 


s 


12 3C 


SS 


t 


s 


.1 




-I 






V. 


1 


fl 


.1 


5 2A 


'i: 


1 


;i 


.■1 




;i 


1 4!» 








S 


3 


< 30 


n 






! 








24.0 


■f 


J 


















<> 






« 




;i 


S 


7 4S 


IS 


> 


I 


H 




fi 


4 




•.! 




■1 


-■1 


10 40 


■ •M 




1 


Ji 




fi 


7 30 




3 


B 


a 


4 






^ 


s 






3 


fiSSj 


5S.B 



As the (riven quantities are licre arranged, the approximato tbIum 

e/' Fare all loo great; but if the columns n end n' and the cokmns U 

"id Zy were inKrchangcd, and Fcalculnttd, ll\o apfroTAmBXt ■<»&«« 

of fn-anhl bejast as much loo small, the column oi c 

ae sainc. 
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89. Prolilem. Ta m 

ttraijit line. 




Solatian. First Mellitd. JaA A D (flg. 33) be the reqaired diatftncs 
KIcnsuTC a line vt C along the bank, and take the angles BAG atii 
A CB. Then in the triangle A B Cv/e have one side and two anglet 
taHniAB. 

If A C is of Buch a length thai an angle ACB ^ ^D A CcMi bt 
laid off to a'point on the farther aide, we hsTO ABC^^iDAC — 
A OB. Therefore, without ealcalaUoD, AB = AC. 




Fig. 34, 



Stcond M^ilioJ. Layoffs C (fig. 34) perpendicular to AB. Meas- 
ure A C, and at Clay oif CD perpendicnlar to the direction CB, and 
meeting the line of A B in D. Measure A D. Then Iho trianglea 
A CD and ABC an similar, aaA giie AD : AC = AC : AB. 
Therefore, AB = -j-g . 

If from C, determined aa before, the angle A CB' he laid off equal 
to A CB, we have, without calculation, AB •= AB'. 

Third Ma&ad. Jfeasure a ;me .4Z> (fig. 35) in an oWiHuC feeCivQa 
from the bank, and fix its middle point C. From fttiy cowemcivx. 
po/nc ^i„ a,e Hoc ofAB, measure the distance E C, sinA ^iTo4ut. 
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V. If any two tangents, as A C and B C7, be bisected in M and / 
the line M F, joining the points of bisection, will be a new tangent, iti 
middle point E being the point of tangency. 

85. Problem* Given the tangents A C and B C, equal or unequiA^ 
[Jig. 36,) and the chord A B, to lag out a parabola hg tangent defUctiom* 



Fig. 36. 




Sdvtwn. Bisect ^ Z? in D, and measure CD and the angle A CD^ 
or calculate CD* and A CD from the original data. Divide the tan- 
gent A C into any number n of equal parts, and call the deflection 
2'il/for the first point a. Then (^ 84, II.) the deflection for the sec- . 
ond point will be T' If' = 4 a, for the third point T" M" = 9 a, and 
80 on to the nth point or C, where it will be n*a. But the deflection 
at this last point is CJK = J CD (§ 84, L). Therefore, n*a^ CE, 
and 

CE 



a = 



n' 



Having thus found a, we have also the succeeding deflections 4 a, 9 o^ 
16 a, &c. Then laying off at jT, T', &c. the angles A TM, A T* M\ 
&c. each equal to ^ CZ>, and measuring down the proper deflections, 
just found, the points 3/, M\ &c. of the curve will be determined. 

The curve may be finished by laying o^ on AC produced n partu 
equal to those on A C7, and the proper deflections will be, as before, a 
multiplied by the square of the number of parts from A, But an 



♦ since CD is drawn to the middle of the ba»o of the tt\ang\e A B C,Ni*\iK«*,Vj 
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easier way generally of finding points beyond E is to divide the sec- 
ond tangent BCmXa equal parts, and proceed as in the case of ^ C, 
If the number of parts on £ C be made the same as on ^ C, it is obvi. 
ous that the deflections from both tangents will be of the same length 
for corresponding points. The angles to be laid off from B C must, 
3f course, be equal io B CD. 

The points or stations thus found, though corresponding to equal 
distances on the tangents, are not tbemsely^s equidistant The length 
of the curve is obtained by actual measurement 

86. Prol^lem. Given the tangents A C and B C, equal or unequal^ 
\Jig. 37,) and die chord A By lo lay out a parabola by middle ordinaies. 



Fig. 37. 




Sclxition. Bisect AB'iwD^ draw CZ), and its middle point E will 
oe a point on the curve (§ 84, 1.). D E is the first middle ordinate, 
and its length may be measured or calculated. To the point E draw 
the chords A E and BE^ lay off the second middle ordinatcs G Kand 
11 L^ each equal tQ \D E {^ 84, III), and K and L are points on the 
curve. Draw the chords AK^ KE^ EL, and L B, and lay off third 
middle ordinatcs, each equal to one fourth the second middle ordi- 
nates, and four additional points on the curve will be determined. 
Continue this process, until a suflBcient number of points is obtained 

87. Prol^lcin* To draw a tangent to a parabola at any station. 
Solution. I. If the curve has been laid out by tangent deflections 
(§ 85), let jli"' (fig. 36) be the station, at which the tangent is to bo 
drawn. From the preceding or succeeding station, lay off, parallel to 
CDy a distance M" Not EL equal to a, the first tangent deflection 
(4 85), and M'" N or M"' L will be the required taixgetit. T\v^ %«c«iA 
f/iing- may ho done by laying off from the second s\Al\oxv ?k. ^\%\»xv^'^k 
J/^r^^ 4 a, or at the third station a distance G P == ^a*, ^^x nX> 
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required tangent will then pass through T' or G. It will be seen, 
also, that the tangent at M"' passes through a point on the tangent at 
A corresponding to half the number of stations from A to M*** ; that 
is, M'" ia four stations from Aj and the tangent passes throngh T', 
the second point on the tangent A C. In like manner, M'" is six sta- 
tions from By and the tangent passes throngh G, the third point on the 
tangent D C 

II. If the curve has been laid out by middle ordlnates (4 86), the tan- 
gent deflection for one station is equal to the last middle ordinate made 
use of in laying out the curve. For if the tangent A C (fig. 37) were 
divided into four equal parts corresponding to the number of stations 
from A to E, the method of tangent deflections would give the same 
points on the curve, as were obtained by the method of \ 86. In this 
case, the tangent deflection for one station would be a =^ is CE — 
11 DE] but the last middle ordinate was made equal to ^GK or 
16 D E. Therefore, a is equal to the last middle ordinate, and a tan- 
gent may be drawn at any station by the first method of this section. 

A tangent may also be drawn at the extremity of any middle ordi- 
nate, by drawing a line through this extremity, parallel to the chord 
of that ordinate (§ 84, IV.). 

88. In laying out a parabola by the method in § 85, it may some- 
times be impossible or inconvenient to lay off all the points from the 
original tangents. A new tangent may then bo drawn by § 87 to any 
station already found, as at M'^' (fig. 36), and the tangent deflections 
a, 4 a, 9 a, &c. may be laid off from this tangent, precisely as from the 
first tangent. These deflections must be parallel to CD, and the dis- 
tances on the new tangent must be equal to T' N or N M^'\vrhM\ 
may be measured. 

89. Problem* Given the tangents A C and D (7, equal or unequal^ 
{Jig 38,) to lay out a parabola by bisecting tangents. 

Solution. Bisect A C and B Cm D and F, join D F, and find Ey the 

middle point of D F. E will be a point on the curve (§ 84, V.). "We 

have now two pairs of what may be called second tangents, A D and 

D E, and E F and FB. Bisect ADin G and D E in H, join G By 

ftnd its middle point 3/ will be a point on the curve. Bisect -E^ and 

FB in K and L, join KL, and its middle point iV will be a point on 

t/jc carv^e. We have now four pairs of third tangents, A G and G Jf, 

^^^and Zri;, uSrjTand KN, md NL and Z B. Bisect eacYv p«vT m 

'^fJ^jo/n the points of bJsectiony and the middle points of iV^i iomva^ 



rinel will be four new points, 31', M", N", and N'. The same metbo4 
niaj be continned, until a lafficient number of points ia oblsincd. 




90. Problem. Gieea lie tangenU A Cand B C,tqi«U or ui 
, tg. 39,) and the dard A D, to Imj out a parabola ly intaieclioaa. 




Solution. Bisect ABinD, draw CD, and bisect It in E. Diride 
die tangents X Cand i?C,ihe hair-chorda ADaoi DB, and the tine 
CE, into the same number oF eqnal pans ; five, Tor eicamplc. Then 
the intersection 3/ of An and F(j will be a point on the cnrve. For 
F3f=\Ca, and Ca = iCE. Therefore, FJf= jj Ci:, which ia 
tlio proper defloclion from the tangent at Fta the curve (i 65). In 
like manner, the intersection Not A b and HKmay be shown to be a 
point on the curve, and the same is true of all the similar inicrsectiona 
indicated in ibe figure. 

If tlie lino DE vrere also divided into live eqaal parts, the line A a 
would be intersected in jifon the curve by a line drawn from B ^"mw>'^ 
o', tlie line A b would ho intersected 'm N on 'iie cuTt^Vj ».\\ti». ^.t**™ 
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from B through 6', and in general any two lines, drawn from A and B 
through two points on CD equally distant from the extremities Cand 
Dy will intersect on the carve. To show this for any point, as if, it is 
safficicnt to show, that B a' produced cuts F G on the coire ; for it 
has already been proved, that A a cuts ^6r on the curve. Nor 
Da' :M G = B D: B G ^6:9, or M G=^l Daf. BatDa'^lCE. 
Therefore, J/G = is CE, Again, F G i CD ^ AG : AD ^ \ii. 
Therefore, FG = lCD=^iQE. We have then FM = FG^ 
MG =^l CE — 5*5 CE = ii CE. As this is the proper deflectioa 
from the tangent at i^to the curve (§ 85), the intersection of Baf with 
F G is on the curve. This furnishes another method of laying cot a 
parabola by intersections. 

91. The following example is given in illustration of several of Um 
preceding methods. 

Example. Given ^ C = J5 C = 832 (fig. 40), and 2I B » 1536. to 
lay out a parabola AEB. We here find CD = 320. To begin with 
the method by tangent deflections (§ 85), divide the tangent A Cinto 

ft jji IRA 

eight equal parts. Then a = --^ = gj- = 2.5. Lay off from the 

divisions on the tangent F\ = 25, G2 = 4 X 25 == 10, ilS =r 
9 X 2.5 = 22.5, and ^4 == 16 X 2.5 = 40. Suppose now that it ia 
inconvenient to continue this method beyond K. In this case we may 



Fig. 40. 




' ifnda netr tangent at E, by bisecting A C and B C ^^^ ft^^, w\A dtaw- 
'^^, ^^ //^rc^/y^/i tho points of bisection. Divide t\\(i ne\7 \aQg,ctA 
'^^'^^ /^Z?^ 384 into four equal parts, and \ay o« ttom KE \\va 
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ttrae tangent dcfi«>ctions as were laid off from A K, namelj, i/5 a 
«J5, N6 = 10, and 07 = 2.5. To lay off the second half of the 
cnnre bj middle ordinatcs (§ 86), measure EB = 784.49. Bisect 
EB in P, and lay off the middle ordinate PR ^ ^DE ^ 40. 
Measure £72 = 386.08, and BiS =» 402.31, and lay off the middle or- 
dinates ST and V IF", each equal to i PiJ = 10. By measuring the 
chords E T, TRy R W, and WB^ and laying off an ordinate from 
each, equal to 2.5, four additional points might be found. 



Article II. — Radius op Curvature. 

92. The curvature of circular arcs is always the same for the same 
arc, and in different arcs varies inversely as the radii of the arcs. 
Thus, the curvature of an arc of 1,000 feet radius is double that of an 
arc of 2,000 feet radius. The curvature of a parabola is continually 
changing. In fig. 39, for example, it is least at the tangent point A, 
tbe extremity of the longest tangent, and increases by a fixed law, un- 
til it becomes greatest at a point, called the vertex, where a tangent to 
the curve would be perpendicular to the diameter. From this point 
to £ it decreases again by the same law. Wc may, therefore, con- 
aider a parabola to be made up of a succession of infinitely small cir- 
cular arcs, the radii of which continually increase in going from the 
vertex to the extremities. The radius of the circular arc, correspond- 
ing to any part of a parabola, is called the radius of curvature at that 
point. 

If a parabola forms part of the line of a railroad, it will be necessa- 
ry, in order that the rails may be properly curved (§ 28), to know 
how the radius of curvature may be found. It will, in general, bo 
necessary to find the radius of curvature at a few points only. In 
short curves it may be found at the two tangent points and at the mid- 
dle station, and in longer curves at two or more intermediate points 
besides. The rails curved according to the radius at any point should 
be sufficient in number to reach, on each side of that point, lialf-way to 
the next point. 

93. Prol^lcni* To find tlie radius of curvature at certain stationt 
a» aparado/a, 

jSh/ufion. Let ABB (fig. 41) be any parabola, anA. \^l \^ ^^ ^^* 
aired to ftad the radii of curvature at a ccrtam numXiQX ot s\».<vw« 
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10 i. The field notes are kept in the following form. The Jii-at col 
iitnn in the tabic contains the stations^ and also the benches marked 
B., and the turning points marked U p., except when coincident with 
a station. The second column contains the plus sights ; the third col- 
umn shows the height of Hie instrument ; the fourth contains the minus 
sights ; and the Jijlh contains the heights of the points in the first colomn. 



Stiition 


-fS. 


H.L 


— 8. 


n. 


B. 


3.125 






25.000 







28.125 


3.413 


24.712 


1 






3.102 


25.023 


2 






3827 


24.298 


3 






4.816 


23.309 


4 






G.952 


21.173 


5 


2.740 




9.016 


19.109 


6 




21.849 


3 311 


18.538 


7 






4.027 


17.822 


8 






3.824 


ism5 


9 






2.516 


19.333 


B. 






2.635 


19.214 


10 






0.314 


21.535 



The height of the bench is set doA\Ti as assum^ above, namely, 25 
feet} the first plus sight is set opposite B., on which point it was 
taken, and, being added to the height in the same line, gives the height 
of the instrument, which is set opposite ; the minus sights are set 
opposite the points on which they are taken, and, being subtracted 
from the height of the instrument, give the heights of these points, as 
Fct down in the fifth column. The minus sights are subtracted from 
the same height of the instrument, as far as the turning point at station 
5, inclusive. The plus sight on station 5 is set opposite this station, 
and a new height obtained for the instrument by adding the pins sight 
to the height of the turning point. This new height of the instmment 
is set opposite station 6, where the minus sights to be subtracted from 
it commence. These sights are again set opposite the points on which 
iliey were taken, and, being subtracted from the new height of the in- 
strument, give the heights in the last column. 



/^^///S. 



102. JPj*o]>]eill» To set slope stales for excavations and embank' 



*Sh////,'on. Let A BIIK C (fig. 45 ) be a cvoss-scct\oTV o? «l \>to\«»^ 
^ara/jou, aircl let the cvntrc cut A M = c, nnd t\\c w\dl\\ o? \3^<i to^- 
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bed JIK = 6. The slope of the sides BH or C AT is usually given by 
the ratio of the base KN to the height"^ iV. Suppose, in the present 
case, that KN:£N =3:2, and we have the slope = i • Then if 
the ground were level, as D AE^ it is evident that the distance from 



Fig. 45. 



S 7 




the centre A to the slope stakes at D and E would be A I) = A E = 
3fiC+ iCiV=» J6 + sc. But as the ground rises from A to C 
through a height CG =^ g, the slope stake must he set farther out a 
jlfft^MMw E G '^igi and as the ground falls from ^1 to B through a 
height BF — gt the slope stake must bo set further in a distance D F 

^o find B and C, set the level, if possible, in a convenient position 
lighting on the points A^ B, and (7. From the known cut at the 
lb find the valae of AE = ^h •\-%c. Estimate by the eye the 
im the centre to where the slope stake is to be set, and take this 
^Sfohablo value of g. To AE add i </, as thus estimated, and 
^lom the centre a distance out, equal to the sum. Obtain 
lerel the rise from the centre to this point, and if it agrees 
'auted rise, the distance out is correct. But if the esti- 
va too great or too small, assume a new value for g^ 
■Kmding distance out, and test the accuracy of the 
', as before. These trials must be continued, until 
•»cs sufficiently well with the rise found by the 
r distance out. The distance out will then be 
.-^anie coarse is to be pursued, when the ground 
:i;sv, as at Z? ; but as g here becomes minuSf the dis- 
II the true value of g is found, will he A F = AD — 

(nbankmcnt, the process of scttin^j^ sloj)C stakes is tUc sa.m<i «a 
'*a, except that a rise m the ground froiw l\\e cexvUt wv 
'^responds to a faJl on excavations, aT\i\ vice vit*^ 
* bxinrcrting fj^uvc 45, which \\\\\ vlvcxv Ye\v^t^<i' 
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an embankment What was before a fall to JB, becomes now a rm^ 
and what was before a rise to C, becomes now a fall. 

When the section is partly in excavation and partly in embankment, 
the method above applies directly only to the side which is in excava- 
tion at the same time that the centre of the road-bed is in excavatioik, 
or in embankment at the same time that the centre is in embank- 
ment. On the opposite side, however, it is'only necessary to make c 
in the expressions above minus, because its effect here is to diminish 
the distance out. The formula for this distance out will, therefore, be- 
come J6 — ic + i^'- 



Article II. — Correction for the Earth's Curvature ahd 

FOR KeFRACTION. 

103. Let -4 C (fig. 46) represent a portion of the earth's surface. 
Then, if a level be set at A, tlie line of sight of the level will be the tan- 
gent A Df while the true levd will be A C. The difference Z> C be- 
tween the line of sight and the true level is the correction for the 
earth's curvature for the distance A D. 

104. A correction in the opposite direction arises from refraction. 
Refraction is the change of direction which light undergoes in passing 
from one medium into another of different density. As the atmos- 
nhere increases in density the netlrer it lies to the earth's surface, light, 
passing from a point i? to a lower point A, enters continually air of 
greater and greater density, and its path is in consequence a curve 
concave towards the earth. Near the earth's surface this path may be 
taKen as the arc of a circle whose radius is seven times the radius of 
the earth.* Now a level at A, having its line of sight in the direction 
A Z>, tangent to the curve A B, is in the proper position to receive the 
light from an object at iS ; so that this object appears to the observer 
to be at Z>. The effect of refraction, therefore, is to make an object 
appear higher than its true position. Then, since the correction for 
the earth's curvature D C and the correction for refraction D B are in 
opposite directions, the correction for both will he B C = DC — DB, 



* Peirce'8 Spherical AstTonomy^ Chap. X., § 125. It should bo observed, how- 
»rer, that the effect of refraction is very uncertain, varying "witYi ttve staXft tA V>w% 
^taosphere. Sometimca the path of a my is even made convex to'wwcAa \3Qft «axV\H 
^cf soinotJaeci Uie ray a are refructcd horizontally a£ \»cU as ^cTUcaVLy. 
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This correction mast be culded to the height of any object as deter- 
mined by the level. 

105. Problem. Given tlte distance AD => D {Jig, 46), the radiui 
»/ the earth AE ^^^ R, and the radius of the arc of refracted ligJu = 7/2, 
*o find the correction BC = dfor the earth^s curvature and for refraction. 




Fig. 46. 



Solution. To find the correction for the earth's canratare D C, we 
have, by Geometry, DC {DC+2EC)==AD*, or DC {DC-\-2n) 
=» Z>*. But as Z) C is always very small compared with the diameter 
of the earth, it may be dropped from the parenthesis, and we have 



DCX2R = D^, or DC=2R' ^^^^ correction for refraction D D 
may be found by the method just used for finding D C, merely chang- 

ing 72 into 7 R. Ilencc DB = ^^ 

7)2 7)2 



We have then d =^ BC=== 



d = 



3D* 
7R 



By this formula Table III. is calculated, taking R = 20,911,790 ft!, 

as given by Bowditch. The necessity for this correction may be 

avoided, whenever it is possible to set the level midway between the 

points whose heiglit is required. In this case, as thft d\s.Xaxvt^ o\w 

each side of the level is the same, the corrections m\\ \i<i fi<!^«\^^^^ 
trj'/I destroy each other. 
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Article III. — Vertical Curves. 

106. Vertical curves arc used to round off the angles fonaed b^ 
the mcctiDg of two grades. Let A Cand CB (fig. 47) be two grades, 
meeting at C. These grades are supposed to be given by the rise per sta- 
tion in going in some particular direction. Thus, starting from A, the 
grades of A Cand CB may be denoted respectively by ^r and g'; that 
is, g denotes what is added to the height at every station on A C, and 
g' denotes what is added to the height at eveiy station on CB ; hot 
since CZ? is a descending grade, the quantity added is a minus quan- 
tity, and g' will therefore be negative. The parabola furnishes a very 
simple method of putting in a vertical curve. 

107. Problem. Given the grade g of A C (Jig. 47), the grade g 
of CB^ and the number of stations n on each side of C to the tangent points 
A and /?, to unite these points by a parabolic vertical curve. 



Fig. 47 




Solution. Let AE Bhc the required parabola. Through B and C 
draw the vertical lines FK and C/7, and produce A Cto meet FK 
in F. Through A draw the horizontal line A A", and join A B, cut- 
ting C II in D. Then, since the distance from C to A and B is meas- 
ured horizontally, we have AII==IIK^ and consequently AD^a 
D B. The vertical line CD is, therefore, a diameter of the parabola 
(§ 84, I.), and the distances of the curve in a vertical direction from 
the stations on the tangent A Fare to each other as the squares of the 
number of stations from A (^ 84, II.). Thus, if a represent this dis- 
tance at the first station from ^4, the distance at the second station 

would be 4 a, at the third station 9 a, and at Z?, which is 2 n stations 

FB 
/rom ^, it would be 4 n'a; that is, FB = 4 n' a, or a = -^^ . To find 

^, it will then he necessary to find FB first. TVirongVi C Cltow «^<i 
ojizontnl line CG and we have, from the cquaV InaxigVca C F G mv^ 
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ACH, FG ^ CU. But C if is tho rise of the first grade ^ in the n 
itations from ^ to Cj that is, CU ^ng^ov FG ^ng, GB \& also 
the rise of the second grade g* in n stations, but since g^ is negative 
(§ 106), we must put G fi = — n/. Therefore, FD ^FG+ GB 
ziang — ng'. Substituting this value of FB in the equation for a 

, ng — n^ 

we have a = — ^-j^ — , or 

An 

The value of a being thus determined, all the distances of the curve 
from the tangent AF^ viz. a, 4 a, 9 a, 16 a, &c., are known. Now 
if T and 7'' bo the first and second stations on the tangent, and verti- 
cal lines TP and T* P' be drawn to the horizontal line A Ky the 
height TP of the firet station above A will be r7, the height T'P' of 
the second station above A will be 2^, and in like manner for sue* 
cceding stations we should find the heights 3^, 4^, &c. As we have 
already found TM = a, T' M' = 4 a, &c., we shall have for the 
heights of the curve above the level of A, MP = TP — TM = 
^ — a, i/' P' = T' P' — T' ilf ' = 2y — 4 a, and in like manner for 
the succeeding heights 3g — 9 a, 4jf — 16 a, &c. Then to find the 
grades for the curve at the successive stations from A^ that is, the rise 
of each height over the preceding height, we must subtract each 
height from the next following height, thus: {g — a) — 0=^ — a, 
(25r — 4a)— (^ — a) =^ — 3a, (3y — 9a) — (2^— 4a) =5f — 5a, 
{4g — 16 a) — (3^ — 9 a) = ^ — 7 a, &c. The successive grades for 
the vertical curve are, tlierefore, 

l^S^ g — a, g — 3 a, g — 5 a, g — 7 a, &.c. 

In finding these grades, strict regard must be paid to tlie algebraic 
signs. The results are then general; though the figure represents 
but one of the six cases that may arise from various combinations of 
ascending and descending grades. If proper figures were drawn to 
represent the remaining cases, the above solution, with due attention 
to the signs, would apply to them all, and lead to precisely the same 
formulas. 

108. Examples. Let the number of stations on each side of C be 3^ 
and let A O ascend .9 per station^ and CB descend .6 pet staXXoTv. Wcx^ 

.^3,^^.9, and g' = -.6. TI.en, a = ? ^^ = ^;^ ="'^ 
— .125, and the grades from A to B will bo 
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g — a = .9 — .125 = .775, 
g— 3 a = .9 — .375 = .525, 
^ — 5 a = .9 — .625 = .275, 
g— 7 a = .9 — .875 = .025, 
g— 9 a = .9 — 1.125 = — .225, 
5r — 11 a = .9 — 1.375 = — .475. 

As a second example, let the first of two grades descend .8 per sttt 

lioH, and the second ascend .4 per station, and assame two stations on 

each side of C as the extent of the curve. Here g =^ — .8, ^' = A, 

8 _ 4 —12 

and n = 2. Then a = ^^^ = "V" = — •^^j and the fear grades 

required will be 

g^ a = — .8 — (— .15) = — .8 + .15 = — .65, 
^ — 3a = — .8— (—.45)= — .8 + .45 = — ^.5, 
^ — 5a = — .8— (—.75) = — .8 + .75 = — .05, 
^ — 7a = — .8 — I— 1.05) = — .8 4- 1.05 =: + .25. 

It will be seen, that, after finding the first grade, the remaining grades 
may bo found by the continual subtraction of 2 a. Thus, in the first 
example, each grade after the first is .25 less than the preceding grade, 
and in the second example, a being here negative, each grade after 
the first is .3 greater than the preceding grade. 

109. The grades calculated for the whole stations, as in the fore- 
going examples, are sufficient for all purposes except for laying the 
track. The grade stakes being then usually only 20 feet apart, it will 
be necessary to ascertain the proper grades on a vertical curve ibr 
these sub-stations. To do this, nothing more is necessary than to let g 
and g' represent the given grades for a sub-station of 20 feet, and n the 
number of sub-stations on each side of the intersection, and to apply the 
preceding formuliB. In the last example, for instance, the first grade « 
descends .8 per station, or .16 every 20 feet, the second grade ascends 
.4 per station, or .08 every 20 feet, and the number of sub-stations in 
200 feet is 10. We have then ^ = — - .16, g' = .08, and » = 10 

— •16 — .08 —.24 - r«, « , . , 

Hence a = — ^ ^ ^q = -^^q- = — .00€. The first grade is, there 

fore, g — a = — .16-}- -006 = — .154, and as each subsequent grade 

increases .012 (4 108), the whole may be written down without farther 

/rouble, thus: —.154, —.142, — .130, —.118, — .106, —.094, —.082,- 

~-.{?/0, —.058, —.046, — ,034, —.022, — .010, -V .00*i, -V .0\4, -V .^»^ 

-/-.ays -h .050, + .062, -f .074. 
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Abticle IV. — Elevation of the Outer Rail on Cukyes. 

110. ProMeni* Given the radius of a curve 22, the gauge of the 
track g^ and the velocity of a car per second v, to determine the proper ele- 
vation e of the outer rail of the curve. 

Solution. A car moving on a carve of radios 72, with a velocity per sec- 

ond = Vj has, by Mechanics, a centrifugal force =» "^ • To counteract 

this force, the outer rail on a curve is raised above the level of the 
inner rail, so that the car may rest on an inclined plane. This eleva- 
tion must be such, that the action of gravity in forcing the car down 
the inclined plane shall be just equal to the centrifugal force, which 
impels it in the opposite direction. Now the action of gravity on a 
body resting on an inclined plane is equal to 32.2 multiplied by the 
ratio of the height to the length of the plane. But the height of the 
plane is the elevation c, and its length the gauge of the track g. This 

action of gravity, which is to counteract the centrifugal force, is, there- 

2220 - 
fore, = -— . Putting this equal to the centrifugal force, we have 

82.20 «2 _ • 
-— - = -^ . Hence 



32.2 iJ 



If we substitute for R its value (§ 10) R = . j^ , we have e = 
60 X 82.2 ~ .00062112^1;* sin. Z). If the velocity is given in miles 
per hour, represent this velocity by M, and we have v = ~qqx; gQ- • 

Substituting this value of i;, wc find e = .0013361 g M* sin. D. When 
jr = 4.7, this becomes e = .00627966 M* sin. D. By this formula 
Table IV. is calculated. In determining the proper elevation iji any 
given case, the usual practice is to adopt the highest customary speed 
of passenger train§ as the value of 31, 

111. Still the outer rail of a curve, though elevated according to the 
preceding formula, is generally found to be much more worn than the 
inner rail. On this account some are led to distrust the formula, and 
to give an increased elevation to the rail. So far, however, as the 
centrifugal force is concerned, the formula is undoubtedly correct, and 

• the evil in question must arise from other causes, — causes "wVvxoJa. «»x^ 
not counteracted by an additional elevation of the oulet "tsiA. T\v^ 

principal of these causes is probably improper " comug'' o? v\v^^^\vcq\^. 
Two wheels, immovable on an axle, and of the same TalCl\^xa,^^^^^-^' 
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no slip is allowed, pass over equal spaces in a given number of revih 
lutions. Now as the outer rail of a carve is longer tlian the inner rail, 
the onter wheel of snch a pair mast on a carve fall behind the inner 
wheel. The first effect of this is to bring the flange of the cater wheel 
against the rail, and to ^eep it there. The second is a strain on the 
axle consequent upon a slip of the wheels equal in amount to the dif 
ference in length of the two rails of the curve. To remedy this, con- 
ing of the wheels was introduced, by means of which the radius of the 
outer wheel is in effect increased, the nearer its flange approaches the 
roil, and this wheel is thus enabled to traverse a greater distance than 
, the inner wheel. 

To find the amount of coning for a play of the wheels of one inch, 
let r and r' represent the proper radii of the inner and outer wheels 
respectively, when the flange of the outer wheel touches the rail. Then 
r' — r will be the coning for one inch in breadth of the tire. To ena- 
ble the wheels to keep pace with each other in traversing a curve, their 
radii must be proportional to the lengths of the two rails of the curve, 
or, which is the same thing, proportional to the radii of these rails. If 
R be taken as the radius of the inner rail, the radiu» of the outer rail 
will he R + g, and we shall have r ir^ — R: R -\- g. Therefore, r R 
•^ rg = r' R, or 

R 

As an example, lot 72 = 600, r = 1.4, and g = 4.7. Then wc have 

1.4 X 4-7 
r' — r = — gQQ — •= .011 ft. For a tire 3.5 in. wide, the coning 

would be 3.5 X .011 = .0385 ft., or nearly half an inch. Wheels 
coned to this amount would accommodate themselves to any curves 
of not less than 600 feet radius. On a straight line the flanges of the 
two wheels would be equally distant from the rails, making both 
wheels of the same diameter. On a curve of say 2400 feet radius, the 
flange of the outer wheel would assume a position one fourth of an 
inch nearer to the rail than the flange of the inner wheel, which would 
increase the radius of the outer wheel just one fourth of tlie necessary 
increase on a curve of 600 feet. Should the flange of the outer wheel 
get too near the rail, the disproportionate increase* of the radius of this 
fF/jee/ would make it get the start of the inner wheel, and cause the * 
^-a/T^o to recede from the rail again. If the shortcsl radVus viwvi XaViciv 

^OOfcct, r andr/ remaining the same, we should have r» — r = — ^(^(f- 
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■B .0073, and for the coning of the whole tire 3.5 X ^OOTS = .0256 ft., 
or about three tenths of an inch. Wheels coned to this amount would 
accommodate themselves to any carve of not less than 900 feet radius. 
If the wheeb are larger, the coning must be greater, or if the gauge of 
the track is wider, the coning inust be greater. If the play of the 
wheels is greater, the coning may be diminished. Hence it might be 
advisable to increase the play of the wheels on short carves, by a slight 
increase of the gauge of the track. 

Two distinct things, therefore, claim attention in regard to the mo- 
tion of cars on a carve. The first is the centrifugal force, which ia 
generated in all cases, when a body is constrained to move in a cur* 
vilinear path, and which may be effectually counteracted for any given 
velocity by elevating the outer rail. The second is the unequal length 
of the two rails of a curve, in consequence of which two wheels fixed 
on an axle cannot traverse a curve properly, unless some provision is 
made for increasing the diameter of the outer wheel. Coning of the 
wheels seems to be the only thing yet devised for obtaining this in* 
crease of diameter. At present, however, there is little regularity 
cither in the coning itself, or in the distance between the flanges of 
wheels for tracks of the same gauge. The tendency has been to di- 
minish the coning,* without substituting any thing in its place. If the 
wheels could be made to turn independently of each other, the whole 
difficulty would vanish ; but if this is thought to be impracticable, the 
present method ought at least to be reduced to some system. 

* Bush and Lobdell, extensive \rhcel-maker8, say, in a note published in Appl»> 
tons^ Mechanic's Magazine for August, 1852, that wheels made by them for the New 
York and Erie road haye a coning of but one sixteenth of an inch. This coning on 
a track of six feet gauge with the o Axer data as giyen aboTe, would suit no cum 
cf less than a mile radlu«. 
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CHAPTER IV. 

EARTH-WORK. 
Article I. — Frismoidal Formula. 

• 

112. Eaktii-work includes the regular excavation and embank 
mcnt on the line of a road, borrow-pits, or such additional excavationi 
as are made necessary when the embankment exceeds the regular ex 
cavation, and, in general, any transfers of earth that require calcula- 
tion. We begin with the prismoidal formula, as this fomttila is fre- 
quently used in calculating cubical contents both of earth and masonry. 

A prismoid is a solid having two parallel faces, and composed of 
pHsms, wedges, and pyramids, whose common altitude is the perpen- 
dicular distance between the parallel faces. 

113. Problem* Given the areas of the parallel faces B and B j 
the middle area M, and the altitude a of a prismoid^ to find its solidity S. 

Solution, The middle area of a prismoid is the area of a section 
midway between the parallel faces and parallel to them, and the alti- 
tude is the perpendicular distance between the parallel faces. If now 
6 represents the base of any prism of altitude a, its solidity is ab. If 6 
represents the base of a regular wedge or half-parallelopipedon of alti- 
tude a, its solidity is J a 6. If 6 represents the base of a pyramid of 
altitude a, its solidity is ^ab. Tlie solidity of these three bodies ad 
mits of a common expression, which may be found thus. Let m rep- 
resent the middle area of either of these bodies, that is, the area of a 
section parallel to the base and midway between the base and top. In 
the prism, m = 6, in the regular wedge, m = ^b, and in the pyramid, 
w = 4 6. Moreover, the upper base of the prism = 6, atid the npper 
base of the wedge or pyramid = 0. Then the expressions a 6, ^ a 6, 
and ^ab may be thus transformed. Solidity of 

« 

prism = a6=? X 66= -(6 -f 6-f 4i) =-(6-f i+4jii), 

6 6 6 

f^eJ^e =/rtr^ = ^X 36 = "(0-i-6 + 26) =^(0+6+4to), 

6 6 ^ 

^rramid =^ab = ^ X 2^» = -? (0 4- I + h\ = ^ 1,0 -J^ b -V \ nC\. 

e 6 i> • 
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Hence, the solidity of either of these bodies is found by adding togeth- 
er the area of the upper base, the area of the lower base, and four 
times the middle area, and multiplying the sum by one sixth of the 
altitude. Irregular wedges, or those not half-parallelopipedons, may 
be measured by the same rule, since they are the sum or difference of 
a regular wedge and a pyramid of common altitude, and as the rule 
applies to both these bodies, it applies to their sum or difference. 

Now a prismoid) being made up of prisms, wedges, and pyramids of 
common altitude with itself, will have for its solidity the sum of the 
solidities of the combined solids. But the sum of the areas of the 
upper and lower bases of the combined solids is equal to B -{- B\ the 
sum of the areas of the parallel faces of the prismoid ; and the sum of 
the middle areas of the combined solids is equal to 3/, the middle area 
of the prismoid. Therefore 

5 = ^(5 + 5' 4- 43/). 
6 



Article II. — Borrow-Pits. 

114. For the measurement of small excavations, such as borrow- 
pits, &c., the usual method of preparing the ground is to divide the 
suiface into parallelograms * or triangles, small enough to be consid- 
ered planes, laid off from a base line, that will remain untouched by 
the excavation. A convenient bench-mark is then selected, and levels 
taken at all the angles of the subdivisions. After the excavation is 
made, the same subdivisions are laid off from the base line upon the 
bottom of the excavation, and levels referred to the same bcnch-mai:k 
are taken at all the angles. 

This method divides the excavation into a series of vertical prisms, 
generally truncated at top and bottom. The vertical edges of these 
prisms are known, since they are the differences of the levels at the 
top and bottom of the excavation. The horizontal section of the 
prisms is also known, because the parallelograms or triangles, into 
which the surface is divided, are always measured horizontally. 

115. Problem. Given the edges h, hi , and Ao » to find the solidity 



* If the ground is divided into rectangles, as is generally dpne, and oti« «\d<6\» 
w^e^rece, orson^c multiple of 27 feet, the coDtents may \)e o\)taineOL ^t oiv^^Vu 
.ui..ajani., ty m.r.iy omittius the f^tor 27 in the culculaUou. 
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So/ a vertical prism, wheUier truncated or rwi, whose UorizontcU sedim 
a triangle of given area A. 



Fig. 48. 




Solution, When the prism is not trancated, we have A = A^ = Aj* 
The ordinary rule for the solidity of a prism gives, therefore, S^^* Ah 
1= ^ X J (^ + ^1 + ^)» When the prism is truncated, let ABC* 
F G // (fig. 48) represent such a prism, truncated at the top. Through 
the lowest point A of the upper face draw a horizontal plsLne ADB 
cutting off a pyramid, of which the base is the trapezoid JBDJ^C, and 
the altitude a perpendicular let fall from A on DE. Kepresent this 
perpendicular hy p, and we have (Tab. X. 52) the solidity of the pyra- 
mid - lpXBDEC=^ IpX DExi{BD-\' CE] ^ Jp X 
DEx M^^+ CE) ^ A X \(BD + CE), since \p X DE 
^ ADE =^ A, But \(BD-\- CE) is the mean height of the verti- 
cal edges of the truncated portion, the height at A being 0. Hence 
the formula already found for a prism not truncated, will apply to the 
portion above the plane ADE^as well as to that below. The same 
reasoning would apply, if the lower end also were truncated. Hence, 
for the solidity of the whole prism, whether truncated or not, we have 



CF- 



5=^X1(^ + ^1 + h)' 



116. Problem. Given the edges h, h^, h^, and h^, to juiA «»4 
"^^^i'^V S oy a vertical prism^ wlMer truncated or w>t,wTw)se h«rl»i«M 
^^''/^z? is a pqraileloffram of given area A. 
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So^ion, Let D II (fig. 49) represent sueh a prism, whether tmn* 
catcd or not, and let the piano li FHD dirilo it into two triangalar 



Fig. 49. 




prisms AF U and CFIL The horizontal section of each of these 
prisms will ho I ^, and if /i, /ii , ^2 > ^''^^ ^3 represent the edges to which 
they are attached in the figure, we have for their solidity (§ 115) 

AFH=:iA X HA + Ai + A3),andCF^ = J^X J(^i + *a + 
^3). Therefore, the whole prism will have for its solidity S = ^A X 
J (A + 2 ^1 + A2 + 2 /ia). Let the whole prism be again divided by 
the plane AE G C into two triangular prisms BEG and DE G 
Then we have for these prisms, B E G = ^A Xj(^*+^i + ^2)1 
and DE G = ^A X J (^ + ^2 + ^3)1 and for the whole prism, S = 
iA X J (2 ^ + ^1 + 2 /tj -f- ^a)' Adding the two expressions found 
for S, we have 2 5 = J -4 (A + A^ + ^2 + Aa), or 

BT 5 = -A X i (A 4- ^1 + ^2 + A3). 

It will be seen by the figure, that J (A -f A,) = iiT/i = J (Aj -f A3), 
or A + Aj = Aj -f- ^3 • The expression for S might, therefore, be re- 
iaced to S^Axi(h + L)y or S == A X i {hi •{- A3). But as 
the ground surfaces AB CD and E F GIIbxh seldom perfect planes, 
it is considered better to use the mean of the four heights, \T\s\,t;v.vV ol 
the mean of two diagonally opposite. 

iiT. Coronary. When aXX the prisms of an cxcava\.\oTv \\vf' 
ds. same horizontal section A, the calculation of any iiuvnX^et o^ v\^^ 
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may be performed by one operation. Let figure 50 be a plan ot sa 
an excavation, the heights at the angles being denoted by a, a| , Oj, 



a 



a, 
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3/ 


h. 


h» 


^ 
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Cf 


r^ 


e» 


rjk 


e» 
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df 


dw 


ilM 







Fig. 50. 

h^ , &c. Then the solidity of the whole will be equal to ^ ^ mul 
plied by the sum of the heights of the several prisms (§116). In 
this sum tlie comer heights a, a^ , \^ht £» , </, and d^ will enter b 
wxce^ each being found in but one prism ; the heights a^ , 6^ , e, d^ « fl 
and t/a will enter tvcice^ each being comn^on to two prisms ;' the heigl 
6i, &3, and c^ will enter ikret times, each being common to thi 
prisms j and the heights 62,Ci,C2,and C3 will enter ybur times, ea 
being common to four prisms. If, therefore, the sum of the first set 
heights is represented by »i , the sum of the second by »« 1 of the thi 
by 53 , and of the fourth by s^ , we shall have for the solidity of all t 
prisms 

I^ ^= i^ K + 2^2 + 3*3 + 4*4). 



Article III. — Excavation and Embankment. 

118. As embankments have the same general shape as oxcavatioi 

it will be necessary to consider excavations only. The simplest ca 

is when the ground is considered level on each side of the centre Hi 

Figure 51 represents the mass of earth between two stations in an c 

^/i ration of this kind. The trapezoid GBFHis a section of i 

mass at the ffrst station, and G^ B^ F^ H^ a section al x\vft aeeoxvd st 

^/<?/7/ ^i: is the centre height at the first station, and A^E^th^ ^«t 

^'^^^ at the second station I n U^ Fi F is the road-bed, G GvB J 
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•nrface of the ground, and GGiHiH and BB^FyF the planes form- 
ing the side slopes. This solid is a prismoid, and might be calculated 
by the prismoidal formula (§113). The following met'aod gives fne 
same result. 



A> Centre Heights (done given, 

119. Problem* Given the centre heights c and Ci , the width of tM* 
road-bed &, the slope of the sides s, and the length of the section /, to Jind 
iJie solidity S of t/ie excavation. 




Solution. Let c be the centre height at A ((ig. 51 ) and ci the height 
at ^1. The slope 5 is the ratio of the base of the slope to its perpen- 
dicular height (§ 102). We have then the distance out AB = ^b -\- 
8 c, and the distance out Ai Bi = ^ b '\- s Ci {\ 102). Divide the whole 
mass into two equal parts by a vertical plane A Ai Ei E drawn 
through the centre line, and let us find first the solidity of the right- 
hand half Through B draw the planes B E Eu B Ai Ei, and 
J5^j/\, dividing the half section into three quadrangular pyramids, 
having for their common vertex the point B, and for their bases the 
planes AA^EiEy EEi Fi /^, and -4 , i5i F^ E^ . For the areas of these 
bases we have 

. Areaof^^iJ^ii^ = JJ^^i X (^ JEJ -f J,^,) = i/(c + c,), 
''""EE^F^F ^EFxEE^ =J6/, 

" « A,B,F,E, = Mi^i X IE,F, +ABi) = U^c,-V sc^^Vn 

^Tfdror the perpendiculars from the vertex B on these bases, v^^^xxc^^ 
9r/ic/j necessary. 



EARTH- WORK. 

Perpendicular onAAiE^E = J. JS = 1 6 -f « e, 
•* " EEiF.F ^AE =^e, 

«* ** AiB.FiEi ^EEi^L 

Then (Tab. X. 52) the solidities of the three pyramids are 

B'AAiE.E ^hiib + sc) x i^ (c + Cj) «{/(>6c + i6c, -^ 

«C* + BCCg) 

B-A^BiFiE, = J/ X J {be, + 8c,*) = U {be, -|- sc»«). 

Their sam, or the solidity of the half-section, is 

iS = J/ [i6 (c 4- cj + » (c» + ci« + ccJI. 

Therefore the solidity of the whole section is 

^5 = J ai 6 (c + c,) 4- « (c' + Ci« + CCj)J, 
or 

ET 5= J/ [6 (c + c,) + §s (c' + c,« + cc,)J 

When the slope b 1|^ to 1, s = i, and the factor $s = t may be 
dropped. 

120. Prolllcill* To find the sdidity S of any number n of Buccet' 
five sections of equal length. 

Solution, Let c, C| , Cs , Ca , &c. denote the centre heights at the snc* 
cessive stations. Then we have (§ 119) 

Solidity of first section = J / [6 (c + Ci) + i « (c* + c,* + c cj J, 
" " second section = J / [6 (ci + Cg) + S « (ci* + Cj* + c, c^)], 
" ** third section = J / [6 (c2 + ^a) + I « («»* + Cg* + CaC,)], 
&c. &c. 

For the solidity of any number n of sections, we should have J / mul- 
tiplied by the sum of the quantities in n parentheses formed as those 
iust given. The last centre height, according to the notation adopted, 
will be represented by cn, and the next to the last by Cn — i. Collect- 
ing the terms multiplied by b into one line, the squares multiplied by 
S s into a second line, and the remaining terms into a third line, we 
have for the solidity of n sections 

13^ S=^l\ 6(c4-2ci-f 2C2 4-2C3 + 2c„-i-fc„) 

-f f ^ r^+2Cl*+ 2C2« + 2C3* .. .. -\-iC«n-\-f A) 
-f- i S (c Ci -I- Ci Co -{- C2C3 -\r C3C4 .... -V Cn— \ CnV 

^en ^ «r /, fj^Q factor §s= I may be dropped. 
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Example, Given I ^ 100, & = 28, s = i , and the stations and cen- 
tre heigHts as set down in the first and second columns of the annexed 
table. The calculation is thus performed. Square the heights, and 
set the squares in the third column. Form the successive product's 
cci, C| Cjt , &c., and place them in the fourth column. Add up the last 
three columns. To the sum of the second column add the sum itself, 
minus the first and the last height, and to the sum of the third column 
add the sum itself, minus the first and the last square. Then 86 is the 
multiplier of h in the first line of the formula, 592 is the second line, 
since § s is here 1, and 274 is the third line. The product of 86 by 6 
= 28 is 2408, and the sum of 274, 592, and 2408 is 3274. This mul- 
fiplicd by J / = 50 gives for the solidity 163,700 cubic feet. 



Station. 


c. 


c2. 


eci. 


* 




2 


4 


• 


1 


4 


16 


8 


2 


7 


49 


28 


3 


6 


36 


42 


4 


10 


100 


60 


5 


7 


49 


70 


6 


6 


36 


42 


7 


4 


16 


24 




46 


306 


274 




40 


286 


592 




86 


592 


2408 




28 




2)3274 



2408 



163700. 



B. Centre and Side Heights given, 

121. When greater accuracy is required than can be attained by :h« 
preceding method, the side heights and the distances out (f 102) ar« 
introduced. Let figure 52 represent the right-hand side of an excava 
tion between two stations. AAi BiBia the ground surface ; AE=^c 
and A, El = Ci are the centre heights ; 5 G = A and B^ d = h^ , the 
side heights ; and d and d^ , the distances out, or the horizontal distan- 
ces of B and B^ from the centre line. The whole ground surface 
may sometimes be taken as a plane, and sometimes the part on each 
aide of the centre line may be so taken ; * but neither of these suppo- 



• It to ea^ in any given case to ascertain \«\ielYv« «. «\n^\&5s^ \i*» A. A.v^\^^^ 



100 EARTH-WORK. 

sitions is sufficiently accurate to serve as the basis of a general method. 
In most cases, however, wo may consider the surface on each side of 
the centre line to be divided into two triangular planes by a diagonal 
passing from one of the centre heights to one of the side heights. A 
ridge or depression will, in general, determine which diagonal ought 
to be taken as the dividing line, and this diagonal must be noted in 
the field. Thus, in the figure a ridge is supposed to run from B to 
^1, from which the ground slopes downward on each side to A and 
Bi . Instead of this, a depression might run from Ato B^^ and the 
ground rise each way to -4i and B. If the ridge or depression is very 
marked, and does not cross the centre or side lines at tlie regular sta- 
tions, intermediate stations must be introduced to make the triangular 
planes conform better to the nature of the ground. If the surface 
happens to be a plane, or nearly so, the diagonal may be taken in 
either direction. It will be seen, therefore, that the following method 
is applicable to all ordinary ground. When, however, the ground is 
very hregular, the method of § 127 is to be used. 

122. Prollleillt Given the centre heights c and C| , the side heights 
on the right h and h^on tlie left h' and h\ , the distances out on the right 
d and d^ , on the left d' and d'l , the width of the road-bed 6, the length of the 
section /, and the direction of the diagonals^ to find the solidity S of the 
excavation. 

Solution. Let figure 52 represent the right-hand side of the excava- 
tion, and let us suppose first, that the diagonal runs, as shown in the 
figure, from jB to ^i. Through B draw the planes BE E^, BAiEi^ 
and B EiF^j dividing the half-section into three quadrangular pyra- 
mids, having for their common vertex the point B^ and for their bases 
the planes AAiEiE, EEiF^ Fy and AiBiFiEi. For the areas 
of these bases we have 

Areaof^^i^iiS; =^^EEi x(AE-\- A^Ej) ^J/Cc-^Cj), 
'« '*EEiFiF ^EFxEEi =J6/, 

and for the perpendiculars from the vertex B on these bases, produced 

when necessary, 

• ■ 

plane ; for if it is a plane, the descent from AtoB will be to the descent from ili to 
^j , as the distance out at the first station is to the distance out at the second sta- 
^G/7, ebatIs,e-.A:ei~hi=d:di. If we had c =9, h = 6,ev.= 'Va,^l = %^ 
^=24, aad £fi=27, the formula would give 3 : 4 = 24 : 27 "w\i\c\\ %\io\»* W».^ VJc* 
'^'^^ ^a Dot a plane. 
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Perpendicujqr,on«4 A^EiE =^ E G = dj 
yEE.FyF =BG =A, 



u 
tt 



• • •• 



Fig. 52. 




rhen (Tab. X. 52) the solidities of the three pyramids are 

B'EE^F.F =lhxhhl =J/6A, 

D''A^B^F,E^=^ll Xi{dic, + ibhi)=ll(d^c,+ibh^). 

Their sum, or the solidity of the half-section, is 

ll (dc 4- ^iCx + dc, + &A + i^K)' (1) 

Next, suppose that the diagonal runs from Ato Bi, In this case, 
through ^1 draw the planes Bi E^ E, B^ A E, and Bi EF {not rep- 
resented in the figure), dividing the half-section again into three 
quadrangular pyramids, having for their common vertex the point 
Bi , and for their bases the planes AAiE^E.EEiFi F, and A B FE. 
For the areas of these bases we have 

Kve€iotAA^E^E = ^EE^ X {AE + AiEi) = J/(t. + Ci),^ 
'' EEiFiF =-EFx FEi =i6/, 

'' ABFE =iAExd+iEFxh =ldc-\-ibh; 

and for the perpendiculars from Bi on these bases, produced wK<Mk 
necessary, 



it 



tt 
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Perpendicular on AA^ E^E ^JS^O^^di^ 

" AlffK' =^EE^ =/. 
Tlin (Tab. X. 52) the solidit?e^if the three pyramids are 

B,-AA,EiE = Id^.Y. il (c + c) ^\l(d,c + rf^cO, 

B^-'ABFE ^^i}X i(dc-\-ibh) = il{dc-{-^bh). 
Their sum, or the solidity of the half-section, is . 

'. lL\dc-\-diCi-i-diC-i-bhi-i-ibh), (2) 

We liave thus found the solidity of the half-section for both direc 
tions of ihe diagonal. Let us now compare the results (1) and (2), 
and express them, if possible, by one formula. For this purpose lot 
(IjXeput under the form 

ll[dc -{- d,c, -\- d c, + ib {h -{- k^ + h)], 
and (2) under the form 

{ / [(/c + (/iCj -f 6fic + J 6 (A + A, + Ai)]. 

The only difference in these two expressions is, that dci and the last 
h in the first, become d^ c and hi in the second. But in the first case, 
Cj and h arc the heights at the extremities of the diagonal, and </ is the 
distance out corresponding to h ; and in the second case, c and ^x ^^^ 
the heights at the extremities of the diagonal, and di is the distance 
out corresponding to hi. Denote the centre heigJii touched by the diagonal 
by C, the side height touched by the diagonal by H^ and tJte distance out cor- 
responding to the side height II by D. "We may then express both dci 
and rfj c by Z) C, and both /* and hi hy 11 \ so that the Solidity of the 
half-section on the right of the centre line, whichever way the diago- 
nal runs, may be expressed by 

J/ [Jc 4- ^i c, 4- ^ C; + J6 (A + /ii + H)]. (S) 

To obtain the contents of the portion on the left of the centre line, 
we designate the quantities on the left by the same letters used for cor- 
responding quantities on the right, merely attaching a (') to them to 
fljstingmsh them. Thus the side heights are /t' and h\ , and the dis- 
taijces out d' and d\ , vrhWo Z>, C, and U become D', Q\ and //'. 
^Iw solidity of the Imlf-scction on the left may tl^evcCotG \>^ Vo^ifcti ^- 
'^i/y/}'ow (3), which will become 
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U[d'c + d\ci + Z>' C + i6 (^' + A'l + H% (4) 

Finally, by uniting (3) and (4), we obtain the following formula iat 
the solidity of the whole section between two stations 



Example. Given / = 100, 6 = 18, and the remaining data, as ar 
ranged in the first six columns of the following table. The first col- 
umn gives tlie stations ; the fourth gives the centre heights, namely, 
c = 13.6 and C| = 8 ; the two columns on the left of the centre heights 
give the side heights and distances out on the left of the centre line of 
the road, and the two columns on the right of the centre heights give 
the side heights and distances out on the right. The direction of the 
diagonals is marked by the oblique lines drawn from A' = 8 to Cj = 8 
and from c = 13.6 to A, = 12. 



Sta. 



d'. 
21 


h'. 


e. 


A. 
10 


d. 
24 


d-\-d'. 


(d4-rf')c. 


D'C. 


Da 


8-^ 


13.6 \ 


45 


612 






1 


15 


4 


"" 8.0 


^^12 


27 


42 


336 


168 


367.2 




12 


12 168 
20 367.2 
54 X 9 - 486 . 


















6)1969.2( 


) 





32820. 

To apply the formula, the distances out at each station arc added 
together, and their sum placed in the seventh column ; these sums, 
multiplied by the respective centre heights, are placed in the eighth 
column ; the product of </' = 21 (which is the distance out correspond- 
ing to the side height touched by the left-hand diagonal) by Cj = 8 
(which is the centre height touched by the same diagonal) is placed 
m the ninth column, and the similar product of cfj = 27 by c = 13.6 
is placed in the last column. The terms in the formula multiplied by 
J b are all the side heights, and in addition all the side heights touched 
by diagonals, or 8 + 4 + 10+12 + 8-1-12 = 54. Then by sub- 
stitution in the formula, we have S = 1 X 100 (612 + 336 + 168 + 
867.2 + 9 X 54) = 32,820 cubic feet.* 



♦ Tlie example here given Is the same as thut calculated In VLx. BoxaeTi'ft ^' ^1*" 
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By applying the nile giTcn in the note to § 121, we see that the sur- 
face on the left of the centre line in the preceding example is a plane; 
since 13.6 — 8:8 — 4 = 21 : 15. The diagonal on that side might, 
therefore, be taken either way, and the same solidity woald be ob* 
tained. This may be easily seen by reversing the diagonal ia this ex- 
ample, and calculating the solidity anew. The only parts of the for- 
mula affected by the change are Z>' C and ^ 6 ^^ In the one case 
the sum of these terms is21X 8 + 9X8, and in the other 15 X 13.6 
+ 9X4, both of which arc eqaal to 240. 

123. Prollleill* To Jind tlie solidity S of any number n of suaxs- 
»ive sections of equal length. 

Solution, Let c, C| , Co , C3 , &c. be the centre heights at the sncces- 
sive stations; A, Ai , A2 , A3 , &c. the right-hand side heights; 7t\ k'l , h*^ , 
h's , &c. the left-hand side heights ; d^d^^d^^d^^ &c. the distances ont 
on the right ; and d'^ d\ , d'2 , d'^ , &c. the distances out on the left 
Then the formola for the solidity of one section (§ 122) gives for the 
solidities of the successive sections 

l/[(rf+rf')c + (rfj+e/Mci + Z)C4-/>'C' + J6(A + Ai + H+ 

5/[(^x + rf'i)ci + (c/2 + rfyc2 + Z)jC, + Z)\C"i + J6(Ai+A,+ i 

^i + A'i4-A'o + fl'i)J, j 

\l\(d2^d\) Co + (d, +c/'3)c3 + 2>2 Q + D'a C, + J6 (A^ + A, + ' 
^ + A'2 + A'3 + //yi, 

and so on, for any number of sections. For the solidity of any nnm- 
ber n of sections, we should have \ I multiplied by the sum of ft paren- • 
theses formed as those just given. Hence 



S=^ll 



(rf+rf')c-f2(6fi-fc/^)ci+2(cfo + d'o)c2...+ (J„.fcf„) 
+ Z)C+Z)'C7' + Z)4C7ji + Z)',C'i+Z>aC2 + i)'2C'a + « 

' ^'^ A4-2Ai4-2A2 + A, + //+^j + £ra+ ■ 

+ A'+ 2 A'l-f 2 A's . . . + A'„ + H'-\-n\-\-W^ + 



&c 



&c 

+ &C. 



tern of Useful Fonnulie, &c.," page 187. It will be seen, that his calculation malnt 

the soUdJty d2;460 cabic feet, which is 3G0 cubic feet less than the vesalt above. 

2Vjis di/Terence is owing to the omission^ by Mr. Bordeti'a mettiod, of a pyramid in- 

closed bjr tite four pyramiOn, into wliich the upper portion ol tiaa tx^VkaxvWuaM 

fectioa Is by that method din'de J. 
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Example. Given / = 100, b == 28, and the remaining data as given 
in the first six columns of the following table. 



Sta. 



df. 


k\ 


e. 


A. 
2 


rf. 


rf + d». 


{d + df) e. 


lyc. 


DC, 


17 


2v. 


2 


17 


34 


68 






1 


18.5 


3 


>4- 


"^5 


21.5 


40 


160 


68 


43 


2 


20 


4^ 


^5.^ 


"^6 


23 


43 


215 


80 


92 


3 


23 


6^ 


^6^ 


'"S 


26 


49 


294 


115 


130 


4 


21.5 


5^ 


^6 


>7 


24.5 


46 


276 


129 


147 


5 


20 


4^ 


--^6^ 


J 


20 


40 


240 


120 


147 


6 


15.5 


1-^ 


4-^ 


" 3 


18.5 


34 


136 


93 


80 




25 


35 






1389 


605 


639 




22 


30 


' 




1185 








22 


37 






605 








69 


1P» 


\ 


^ 


639 








102 




» 


* 


2394 










171 X 


14 = 


239- 


i 




6)6212 







103533 cubic feet. 

The data in this tabic are arranged precisely as in the example for cal- 
culating one section (§ 122), and the remaining columns are calculated 
as there shown. Then, to obtain the first line of the formula, add all 
the numbers in the column headed (c?4- </') c, making 1389, and after- 
wards all the numbers except the first and the last, making 1185. 
The next line of the formula is the sum of the columns Z>' C and 
D C, which give respectively 605 and 639. To obtain the first line of 
the quantities multiplied by J 6, add all the numbers in column ^, 
making 35, next all the numbers except the first and the last, making 
30, and lastly all the numbers touched by diagonals (doubling any one 
touched by two diagonals), making 37. The second line of the quan- 
tities multiplied by J/I> is obtained in the same way from the column 
marked h'. The sum of these numbers is 171, and this multiplied by 
J6 = 14 gives 2394. AVe have now for the first line of the formula 
1389 + 1185, for the second G05 + 039, and for the remainder 2394. 

100 
By adding these together, and multiplying the sum by g / = -g- , we 

get the contents of the six sections in feet. 

124. AVhen the section is partly in excavation and partly in embank- 
ment, the preceding formula; are still applicable ; but as this applica- 
tion introduces minus quantities into the calculation, the follo'wVtv^ 
method, similar in principle, is prc/erabJe, 



U.5. Prohicm, Given (he ivldlhs of an excavation at the road-\>fcd 
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A F = w and Ai F, » tO| {Jig. 53), the side heights h and h^ , the length 
of the section /, and the direction of the diagonal^ to find the solidity S(^ 
the excavation^ when the section is partly in excavation and partly in em- 
bankment* 




Solution. Suppose, first, that the surface is divided into two trian 
gles hy the diagonal BAi, Through IS draw the plane BAiF^t 
dividing that part of the section which is in excavation into two pyra- 
mids B~AAi jPj Fand B-AiDiF^, the solidities of which are 

B'AAiFiF=^ J/i X il{w+wi) = ll{wh + icih), 
B'AiB^Fi =J/XjwiAi =|/«;iAi. 

The whole solidity is, therefore. 

Next, suppose the dividing diagonal to run from Aio B^, Through 
i?i draw a plane BiAF (not represented in the figure), dividing the 
excavation again into two pyramids, of which the solidities Are 

B^^AA,F,F^lh,xiUw + w,)==^ll{wki + Wih,), 
Bt'ABF =J/xJm^A =\lwh. 

The whole solidity is, therefore, 

S = \l(wh -{• w^hi 4- whi). 

The only difference in these two expressions is. that w, h in the first 
becomes w h^ in the second. But in the first case the diagonal touch- 
es u\ and A, and in the second case it touches w and h^. If, then, we 
desjrrnate the width touched hy the diagonal by W, aivd the height 
touched hy the diagonal by H^ we may express bol\\ w^li ««v^ w K^Xsi 
^^; so that the solidity in either case may be cxpT<iss<ii\.\>^ 
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5= J/(tt;A + u7iAi+ WE), 

Corollary* When several sections of eqnal length succeed one 
another, the whole may be calculated together. For this purpose, the 
preceding formula gives for the solidities of the successive sections 

\l(wh +u;iAi4- WH)^ 

\ I (w^ A3 + w'a A3 + W^ ^a), 

and so on for any number of sections. Hence for the solidity of any 
number n of sections we should have 

l^ S=\l(wh-\-2w^h^-\-2w.h2....-\-Wnhn-\- Wn-^WiITi-i- 
Wi U^ + &c.) 

Example. Given / = 100, and the remaining data as given in the 
first three columns of the following table. 



Station. 


10. 


A. 


wk. 


WH, 





2 


/I 


2 




1 


8< 


6 


48 


8 


2 


10^ 


^7 • 


70 


56 


3 


13^ 


■^7 


91 


70 


4 


9 


"^4 


36 


.52 



247 

209 

186 

6)642 



186 



10700. 



The fourth column contains the products of the several widths by 
the corresponding heights, and the next column the products of those 
widths and hciglits touched by diagonals. Tlie sum of tlic products 
in the fourth column is 247, tlie sum of all but the first and the last ij 
209, and the sum of the products in the fifth column is 186. These 
three sums are added together, multiplied by 100, and divided by 6, 
according to the formula. This gives the solidity of the four sections 
== 10700 cubic feet. 

126. When the excavation does not begin on aline atn^Vl «xv^«& 
to the centre line, intermediate stations are taken wYieie ihft 
iron begins on ^ch side of the jmad-bed, and the sectMH 1M>)) 
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lated as a pyramid, haying its vertex at the first of these points, and 
for its base the cross -sectioii at the second. The preceding method 
gives the same result, since w and h in this case become 0, and redaoe 
the formala to iS « | / 10| Ai . The same remarks apply to the end of 
an excavation. 

I C. Ground very Irregtdar, 

127. Problem* To find tlie adlidity of a section^ when the grmmd 
ii very irregular. 



Fig. 54. 




JSotution. Let A II D FE -A^CDBiF^ Ei (fig. 54) represent one 
side of a section, the surface of which is too irregular to be divided 
into two planes. Suppose, for instance, that the ground changes at 
//", C, and Z), making it necessary to divide the surface into five trian- 
gles running from station to station.* Let heights be taken at H, C, 
and D, and let the distances out of these points be measured. If now 
we suppose the earth to be excavated vertically downward through 
the side line BBi to the plane of the road-bed, we may form as many 
vertical triangular prisms as there are triangles on the surface. This 
will be made evident by drawing vertical planes tlirough the sides 



* It will often be necessary to introduce intermediate stations, in order to makt 
the snhdiriaion into triangles more conveniently and accurately. 
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A Cy U C, //Z)j and HBi^ . Then tlie solidity of the half-section will be 
equal to the sum of these prisms^ minus the trianffular mass BF G^ 
B, F, G, . 

The horizontal section of the prisms may be found from the distan- 
ces out and the length of the section, and the vertical edges or heights 
arc all known. Hence the solidities of these prisms may be calculated 
by§ 115. 

To find the solidity of the portion BFG-B^F^ Gi , which is to 
be deducted, represent the slope of the sides by s (§ 102), the heights 
at B and Bi by h and hi , and the length of the section by /. Then 
we have FG = sh, and Fi Gi = shi. Moreover, the area of B F G 
— ^s /t", and that of Z?i Fi Gi = ^ sh^*. Now as the triangles B F G 
and Bi Fi Gi arc similar, the mass required is the fnistum of a pyra- 
mid, and the mean area is ^^ s h* X i « ^i' = J s A Aj . Then 
(Tab. X. 53) the solidity is BF G-BiFiGi = Us (h* + Ai« + h h^). 

Example. Given / = 50, 6 =18, « = 5 , the heights at Ay H^ and B 
respectively 4, 7, and 6, the distances AH= 9 and HB = 9, the 
heights at ^j , C, D, and Bi respectively 6, 7, 9, and 8, and the distan- 
ces ^i C= 4, CD = 5, and D B^ — 12. Then the horizontal sec- 
tion of the first prism adjoining the centre line is J/ X -4i C, since the 
distance ^i C is measured horizontally ; and the mean of the three 
heights is J (4 -f 6 + 7) = J X 17. The solidity of this prism is 
therefore J/X^iCx h X 17 = 6/X4X17, that is, equal to \l 
multiplied by the base of the triangle and by the sum of the heights. 
In this way we should find for the solidity of the five prisms 

{/(4 X 17 + 9 X 18 + 5 X 23+12 X 24 + 9 X 21) ={/ X 822. 

For the fnistum to be deducted, we have 

5/ X 2(6'+ 8' + 6X8) ={/ X 222. 

Hence the solidity of the half-section is 

s/ (822 — 222) = J X 50 X 600 = 5000 cubic feet. 

128. Let us now examine the usual method of calculating cxcava- 

iion, when the cross-section of the ground is not level. This method 

consists, first, in finding the area of a cross-section at each end of the 

mass ; secondly, in finding the height of a section, level at tlie lop, 

equivalent ja area to each of these end sections; tU\rd\y,m ^tv<\\Tv^ 

/}vn2 the average of these two heights the middle •' ' *^^ tsv«l*%N 
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and, lastly, in applying the prismoidal formula to find the conteota 
The heights of tlie eqaiyalent sections IcYcl at the top may be found 
approximately by Trantwine^s Diagrams,* or exactly by the following 
method. Let A represent the area of an irregular cross-sectioD, h the 
width of the road-bed, and s the slope of the sides. I«et x be the re- 
quired height of an equivalent section level at the top. The bottom 
of the equivalent section will be 6, the top 6 + 2 s x, and the area wili 
be the snm of the top and bottom lines mnltiplied by half the hdghtor 
^x(2b -i- 28x) = s x^ -^ b X. But this area is to be equal to A 
Therefore, s x* -^ b x = A^ and from this equation the ralne of x may 
be found in any given case. 

According to this method, the contents of the section already calcu- 
lated in § 122 will be found thus. Calculating the end areas, we find 
the first end area to be 387 and the second to be 240. Then as i is 
here i and 6 = 18, the equations for finding the heights of the equiva- 
lent end sections will be iar* + 18 x = 387, and far* + 18 x = 240. 
Solving these equations, we have for the height at the first station 
X = 11.146, and at the second, x = 8. The middle area will, there- 
fore, have the height J (11.146 -f 8) = 9.573, and from this height the 
middle area is found to be 309.78. Then by the prismoidal formnla 
(§ 113) the solidity will be iS = i X 100 (387 + 240 + 4 X 309.78) 
^31102 cubic feet. 

But the true solidity of this section was found to be 32820 cubic 
feet, a difference of 1718 feet The error, of course, is not in the pris- 
moidal formula, but in assuming tliat, if the earth were levelled at the 
ends to the height of the ecfnivalent end sections, the intervening earth 
might be so disposed as to form a plane between these level ends, thai 
reducing the mass to a prismoid. This supposition, howerer, maj 
fomctimes be very far from correct, as has just been shown. If the 
diagonal on the right-hand side in tliis example were reversed, that 0f 
if the dividing line were formed by a depression, the true solidity 
found by § 122 would be 29600 feet ', whereas the method by equiva* 
lent sections would give the same contents as before, or 1502 feet too 
much. 

D. Correction in Excavation on Curves 

120. In excavations on curves the ends of a section are not parallel 



* A New Blethod of Calculating the Cubic Contents of £xcab^&Vlte»aA «ii^ 
f^uta l>y the aid oflHagnuns. By Jobn C. Trautwiue. 
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to each other, bat converge towards the centre of the curve. A sectioo 
between two stations 100 feet apart on the centre line will, therefore, 
measure less than 100 feet on the side nearest to the centre of the 
curve, and more than 100 feet on the side farthest from that centre. 
I^ow in calculating the contents of an excavation, it is assumed that 
the ends of a section are parallel, both being perpendicular to the chord 
of the carve. Thus, let figure 55 represent the plan of two sections of 



B. B K 




Fig. 55. 



an excavation, E F G being the centre line, A L and CM the extreme 
side lines, and the centre of the curve. Then the calculation of the 
6rst section would include all between the lines A j Cx and B^ Di ; 
*hile the true section lies between A C and li D. In like manner, the 
calculation of the second section would include all between HK &nd 
NP, while tlie true section lies between BD and L M. It is evident, 
therefore, that at each station on the curve, as at F^ the calculation is 
too great by the wedge-shaped mass represented by /l FZ>, , and too 



Fig. 56. 




:^" 



0mMff by the mass represented by B^ F U These masses \>«\wvcft 
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each olhcr, when the distances out on each side of tho centre line an 
equal, that is, when the cross-section may be represented by A DFRE 
(fig. 56). But if tho excavation is on the side of a hill, so that the 
distances out differ very much, and tho cross-section is of the shape 
A D FB Ei the difference of tho wedge-shaped masses may require 
consideration. 

130. Pro1>lCIIl. Given iJte centre height c, the greatest side height h^ 
the least side height h\ the greatest distance out ef, the least distance ond ^^ 
and the width of the road-bed 6, to find the correction in excavation C, (d 
any station on a curve of radius 11 or deflection angle D, 

Solution. The correction, from what has been said above, is a trian- 
gular prism of which B FR (fig. 56) is a cross-section. Tho height of 
this prism at B (fig. 55) is B^ II, the height at 7^ is R^S^ and tho height 
at F is 0. Z?i // and R^ 5, being very short, are here considered 
straight lines. Now we have the cross-section B FR = FB E G — 
FREG = i^cd + ihh) — dcd' + ibh') = ic{d — df) -f 
ib{/i — h'). To find the height B^ H, wc have the angle DFU^ 
B FBi = D, and therefore Bi U = 2 II F sin. D = 2d sin. Z>. In 
like manner, 7^, S = KDi = 2 71:7^ sin. Z) = 2 c/' sin. D. Then 
since the height at F is 0, one third of the sum of the heights of tha 
prism will hc'i {d -\' d') sin. D, and the correction, or tlio solidity of 
the prism, will be (§ 115) 

ly C= [hc(d-d')-^ ib(h — h')] X § (c/ -f c/') sin. Z>. 

"When 72 is given, and not Z), substitute for sin. D its value {\ 9) 

sin. D ^ -j^ . The coiTcction then becomes 

i^ c=[^c(d-d')-{-ib{h-h')]x^Sli±+J!l. 

This correction is to be added, when the highest ground is on the 
convex side of the curve, and subtracted, when the highest ground is on 
the concave side. At a tangent point, it is evident, from figure 55, that 
the correction will be just half of that given above. 

KT*minple. Given c = 28, h --= 40, A' = 16, r/ = 74, a" = 38, i = 28, 
and 72 ~ 1400, to find C. Here the area of the cross-section BFR -= 

28 28 

^ (74 _ 3S) -f -J (40 — 16) = 672, and one third of the sum of the 

Irtfl ^"-l -4- '^\ 8 R 

/iclgbts of the prism is ~3x liOO~ ^' 3 * ^^^"^^^^ ^ ^ ^"'^ ^ %"~ 
'^92 cubic feet. 
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131. When the section is partly in excavation and partly in em- 
bankment, the cross-section of the excavation is a triangle lying 
wholly on one side of the centre line, or partly on one side and partly 
on the other. > The surface of the ground, instead of extending from 
B to D (fig. 56), will extend from i? to a point between G and J5J, or 
to a point between A and G. In the first case, the correction will be 
a triangular prism lying between the lines BiFsind HF (fig. 55), but 
not extending below the point F. In the second case, the excavation 
extends below F, and the correction, as in § 129, is the difference be- 
tween the masses above and below F. This difference may be ob- 
tained in a very simple manner, by regarding the mass on both sides 
of F as one tiiangular prism the bases of which intersect on the line 
G F (fig. 56), in which case the height of the prism at the edge be- 
low F must be considered to be minus^ since the direction of this edge, 
referred to either of the bases, is contrary to that of the two .others. 
The solidity of this prism will then be the difference required. 

132. Problem* Given the icidth of the excavation at the road-bed 
w, the width of the road-bed 6, the distance out tf, and the side height A, to 
find the correction in excavation C, at any station on a curve of radius R 
or deflection angle Z), when the section is paiily in excavation and partly in 

embankment. 

Solution. When the excavation lies wholly on one side of the centre 
line, the correction is a triangular prism having for its cross-section 
the cross-section of the excavation. Its area is, therefore, J w h. The 
height of this prism at B (fig. 56) is (§ 130) J[)\ 77 = 2 IIF&in. D = 
2 d sin. D. In a similar manner, the height at E will he 2 G E sin. D 
= b sin. Z), and at the point intermediate between G and E^ the dis- 
tance of which from the centre line is J 6 — w, the height will be 
2 ( J 6 — w) sin. D = {b — 2tv) sin. D. Hence, the correction, or the solid- 
ity of the prism, will be(§ 115) C = iwhxh{^(^+^-{-b—2iv)s\n.D 
~ ^wh X ^ {d -\- b — w) sin. D. 

When the excavation lies on both sides of the centre line, the cor- 
rection, from what has been said above, is a triangular prism luivinp: 
also for its cross-section the cross-section of the excavation. Its area 
will, therefore, hc^w h. The height of tliis prism at B is also 2 c/ sin. J), 
and the height at E^ b sin. D ; but at the point intermediate between A 
and G^ the distance of which from the centre line is w — ^b,l\\t\\^\^\^ 
wiJJ hc2(ta — ^b) sin. D = (2 w — b) sin. D. As t\\\s Yv^\^\\\. \% \^ 
bo considered mtmts, it must bo subtracted from l\\c ot\\CTa, a.wi\ V\\^ 
TorreciJon wiiind will be C^j^wh X I (2d ^ 6 — iw A-^^^^- ^ 
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m= ^wh X 5(</ + fc-— w) sin. D, Hence, in all cases, when the sec 
tion is partly iu excavation and partly in embankment, we have th 
formula 

S^ C=iwhX^ {d + b — w) sin, D, ' 

When R is given, and not Z>, substitute for sin. D its value (\ S 
sin. Z) = ^ . T^e correction then becomes 

This correction is to be added, when the highest ground is on tl: 
convex side of the curve, and subtracted when the highest ground is c 
the concave side. At a tangent point the correction will be just ha 
of that given above. 

Example. Given lo = 17, 6 = 30, rf = 51, A = 24, and 72 = 160 
to find C. Here the area of the cross-section isJtrA = 17Xl2: 

204, and one third of the sum of the heights of the prism is -^ — ^^ — 
^ 8X l60o" — ~ 8* ^®^^® ^ = 204 X j == ^72 cubic feet 

133. The preceding corrections (§130 and § 132) suppose the leng 
of the sections to be 100 feet. If the sections are shorter, the ang 
B F H (fig. 55) may be regarded as the same part of Z> that i^G is 
100 feet, and BiFBas the same part of D that ^F is of 100 fe( 
The true correction may then be taken as the same part of C that tl 
mm of the lengths of the two adjoining sections is of 200 feet. 
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37a,M 


liS! 




3.107 




13.197 


S6.3H 




.M 






» 


37179 




rii 


\ll 


3^ 




26.092 
Sfi.970 


Ills 


















S7.8I>S 
















S7.S47 


:ii! 


'.3S 






16 


1 4'« 


14.203 


= 27.830 


* ( 


:I 










14.3)9 


88,689 


. 8 


.H3 






^ 


1 11 '3 


14.493 


89Jj74 










1' 


1716 


liws 


mJbo 


'I2I 


■|4H 






i 


J4 




\i:'.^l 


304M 


•i 


J6I 








d4)M> 








30.718 




















3imi 




.IM 








3tpea 








31.M7 


. 27 










lien 




















3IS» 


761 


. ,1 






■ 2 










31 IDS 


rs 












. 30 










3IHi» 


7W 






41WI 


10.218 


32.430 


. 31 








m 




^[ffl 




3.86 


4 lis 


16.391 












13 D 


aoiM 


I.MS 


iiai 


a.s»7 


4.1 Co 


18.605 














^mw 






ami 


4.101 


i6.eii) 


33,890 










? 




ll- ' 




3.tiefi 


4238 


18.793 


83.E83 


'. 38 












' ni 


4031 


4.301 


17.078 


33.870 


s 


:i7? 








J 


4(«3 


43J^ 


.7.M2 


sCm 










' ^ 


4-Hj: 


4JT4 


■f.aHi 


31.730 


■HI 


•'" 








^H 


^^H 
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TABLE II. 

LONG CHORDS. ♦ 69. 



Decree of 
CnrTe. 


2 Stations. 


8 Stations. 


4 Stations. 


6 Stations. 


6 Stations. 


O 1 

10 


200.000 


299.999 


399.998 


499.996 


599.993 


20 


199.999 


.997 


.992 


.983 


.970 


30 


.998 


.992 


.981 


.962 


.933 


40 


.997 


.986 


.966 


.932 


.882 


60 


.995 


.979 


.947 


.894 


.815 


1 


199.992 


• 299.970 


399.924 


499.843 


699.733 


10 


.990 


.969 


.896 


.793 


.637 


20 


.986 


.916 


.865 


.729 


.526 


30 


.983 


.932 


.829 


.657 


.401 


40 


.979 


.915 


.789 


.577 


.260 


60 


.974 


.898 


.744 


.488 


.105 


2 


199.970 


299.878 


399.695 


499.391 


698.934 


10 


.964 


.857 


.643 


.285 


.750 


20 


. .959 


.834 


^ .586 


.171 


.650 


30 


.952 


.810 


.524 


•049 


J»6 


40 


.946 


.783 


.459 


496.918 


.106 


50 


.939 


.756 


.389 


.778 


697.862 


3 


199.931 


299.726 


399.315 


4S8.630 


697.604 


10 


.924 


.695 


.237 


.474 


.331 


20 


.915 


.662 


.154 


.309 


.043 


30 


.907 


.627 


.068 


.136 


696.740 


40 


.898 


.691 


398.977 


497.965 


.423 


60 


.888 


.653 


.882 


.766 


.091 


4 


199.878 


299.513 


398.782 


497.566 


695.744 


10 


.868 


.471 


.679 


.360 


.383 


20 


.867 


.428 


.671 


.145 


.007 


30 


.846 


.333 


.469 


496.921 


594.617 


40 


.8^4 


.337 


.343 


.689 


.212 


60 


.822 


J289 


.223 


.449 


693.792 


5 


199.810 


299.239 


393.099 


496.200 


593.358 


10 


.797 


.187 


397.970 


495.944 


692.909 


20 


.783 


.lai 


.837 


.678 


446 


30 


.770 


.079 


.700 


.405 


591.968 


40 


.756 


.023 


.659 


.123 


.476 


60 


.741 


298.964 


.413 


494.832 


690.970 


6 


' 199.726 


298.904 


397.264 


494.534 


690.449 


10 


.710 


.843 


.110 


.227 


589.913 


20 


.695 


.779 


396.952 


493.912 


.364 


30 


.678 


.714 


.790 


.588 


588.800 


40 


.662 


.648 


.623 


257 


.221 


60 


.644 


.679 


453 


492.917 


537.628 


7 


199.627 


298.509 


396.278 


492.568 


687.021 


10 


.609 


438 


099 


.212 


586.400 


20 


.691 


.364 


395.916 


491.847 


585.765 


30 


.672 


.289 


.729 


.474 


.115 


40 


•553 


.212 


.638 


.093 


584.451 I 


50 


.533 


.J34 i 


.342 


490.704 


\ 5«i.n;i ^ 


8 O 1 


otianRA i 


«>5.142 


490.306 


\ &?»,'S.^^\ 



TABLE III. 



CORRECTION FOR THE EARTHS CURVATUHE AHI 
FOR REFRACTION. 4 105. 



D. 


1. 


D. 


d. 


«. 


tf. 


a 


.. 




<m 


:m 


■^ 


?SK 


■s 


46na 


.«. 


















600 












S200 


'bh 


































































































hS 


Mfl 


MOO 






.33J 


8 " 


s-s 




















"^ 


^"'^ 


■''° 


^^"^ 


■''^ 


'° " 


"■I3S 



TABLE IV. 

ELEVATION OF THE OUTER RAIL ON CURVES. 
} no. 



DiW«- 


Jtf=16. 


M = ». 


M-2S. 


M = *). 


«-w. 


M-». 


f 




■^ 


-tnj 


.m9 


.^ 


.137 




























.548 


















■^ 


•IS 






701 


















\t- 


.133 


.219 




Aaa 







This table is ckIkuIhIcJ for ? = 4.7, d = AS, and 5 = 1° SO'. Fo 
niiila for frog angle F, and cliord B F, { SO; for m, tlie middlo o: 
dinateof BF,i 2S ; form', the toiddEe ordinate for curving an 18 I 





F 


BF 


-. 


™ 


R. 


' 


Bf. 


«. 


M<. 


U i, 


saa 


nr 


ni 


„ 


nvA 


MI? 


,Tr 


ooa 










































ftm 


fl«24 








Sf 


;sfii 




.TM 














































p. 












4B.T8 


.788 

.res 

.82 


1 


• 


64 A 






w. 




iL 13 ns 


JU.II, 


.SIS 


.IHO 
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TABLE VII. 



EXPANSION BY HEAT. 



Bodies. 


820 to 2120. 


P. 


Aatboilty. 


Platina, 

Gold, 

Silver, 

Mercury, 

Braas, 

Iron, 

Water, 

Granite, 

Marble, 

8aiuia«oiM, 


.0008842 

.001466 

.001909 

.018018 

.00189163 

.00125344 

.0466 

.000S6S50 

.00102024 

.00171576 


.000004912 

.000008141 

.000010605 

.0001001 

.000010509 

iXK)006964 

not nniform. 

.0(KXX)4d25 

.000005663 

.000009532 


Ilassler 

•4 

u 

C4 
U 
U 
M 

Prof . Bar^lett 
u 

M 
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TABLE VIII. 



PROPERTIES OF MATERIALS. 
The authorities referred to by the capital letters in the table are : — 



IB. Barlow, On the Strength of 

Materials, 
^e. Bevan. 
3r. Lieut Brown. 
O. Couch. 
DP. Franklin Institute, Report on 

Steam Boilers. 
G. Gordon, Eng. Translation of 

Weisbach, 
H. Hodgkinson, Reports to Brit. 

Association. 
Ha. Ilassler, Tables. 



L. Lam^. 

M. Musschenbroek, Int. to Nat 

Phil. 
R. Rennie, Phil. Trans. 
Ro. Rondelet, L^Art de Baiir. 
T. Telford. 

Ta. Taylor, Statistics of Coal. 
W. Weisbach, Mech. of Machin- 

ery and Engineering. 
The numbers without letters ar« 
taken from Prof. Moseley's En- 
gineering and Architecture 



In finding the weights, a cubic foot of water has, for convenience, 
been taken at 62.5 lbs. 

The numbers for compression taken from Hodgkinson were ob- 
tained by him from prisms high enough to allow the wedge of rupture 
to slide freely off. He shows that this is essential in experiments on 
compression. 

The modulus of rupture S is the breaking weight of a prism 1 in 
broad, 1 in. deep, and 1 in. between the supports, the weight being ap- 
plied in the middle. To find the corresponding breaking weight W ol 
a rectangular beam of any other size, let / = its length, b = its breadth, 

and d = its depth, all in inches. Then W = -^T ^ ^' 

The numbers in the last three columns express absolute strength 
For safety, a certain proportion only of these numbers is taken. The 
divisors for wood may be from 6 to 10, for metal from 3 to 6, for stone 
10, and for ropes 3. 

When double numbers are used in the column headed " Crushing 
Force per Square Inch in lbs.," the first applies to specimens itvo^^T- 
fttelj drjr, the second to specimens turned and kept dry \tv ct ^\a.xTa 

place two months longer. In the case of Ameiicau BlrcVi, 'aYm, Wi^ 

reaAr, the nambers apply to seasoned speH 
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TABLE VIII. PROPEBTIES OP MATERLALS. 



»Uteriab. 






hUtaU. 

vXppe/, caft, 

n.Ucd, . . . . 
vii'c-^niwii} . . . 

0014, 

Iron, cant. 
Canon K'o. 2, cold blast, 

" '♦ Hot 

DeTon No. 5, cold 

" •♦ hot 

BuITery Vo. 1, ci IC 

" " ho: 
Iron, wTongh.*., 
Knglish ba", 
Welsh " 
Swedish "■ 




''^\ Tendl. 

Cubic i^^g^ 

Foot f^^^'^ 

inlba. 1«*»™1»- 



u 
u 
u 
it 
w 



u 



(t 



lAncaster v^o., ^ 
Tennessee 
Missouri 
Iron wire, 
English, <iHl n 
rhiUipsb'g, ra. ' 



M 



It 
(t 



333 " 



Lead, cast, .... 
fiead wim, .... 
Mercury, .... 

Platlna, 

Silver, 

Steel, s\ft, . . . . 

" raaor-ten-'poirsv, 

Tin, cast, .... 

Zinc, fused, .... 

rolled, . . . 



ii 



Ash, English, . . 



Birch, English, . 

" Americra, . . > 
Box, 

(^edar, Canadian, . . 

(Miestnut, .... 

Di>al, Christiania mic'i* 
Memel " 

Norway Spruce, 
English, . . . 

Khn, sea.<«onod, . . 

Kir, New England, . . 

'' Jt/ga, . . . 
fMuIiognax, Spaaiah, . 






Cv999 

8.607 

8ji«4P. 

8J878 
19J2.5SHa. 
19..%1 Ua. 

7.066 H. 
7.046 H. 
7.295 H. 
7.1C29 H. 
7.079 II. 
6.998 H. 

7.700 



7.478 P. 
7.740 F. 
7.805 F. 
7.722 F. 



7.727 F. 



11 446 M. 
1'.217 
13.593 W. 
1.1500 Ua. 
32.66911a 
104741L» 

7.780 

7.840 

7.£91 . 

7 05(»TV. 

r.540W 



.760 B 

.792 B. 

.&18B. 

.960 B. 

909 C. 

.657 Ro 
.698 B. 
.590 B. 
.340 
.470 
.553 B 
.653 B. 



524.91 
537.91 
5&4IN) 
564.87 
1203.62 
1210J)6 

441.62 
440.37 
455.91 
45U81 
442.44 
437.37 

481.25 



467.37 
483.75 
487.81 
482 62 



482.94 



715.37 
707.31 
849.87 
.'218.75 
1116.81 
6M.62 
480.25 

490.no 

45C 63 
14^ JO. 

4A2r 



47.60 



1T969R, 
19072 
32826 F. 
61228 



166S3n. 
13505 U. 

21907 n. 
17466 II. 
1^34 U. 

67120 L. 
61960 T. 
&1960T. 
58184 F. 
58661 F. 
62099 F. 
47909 F. 

80214 T. 
84186 F. 
738^8 P. 
89162 P. 

1824 R. 

2581 M. 



40902 M. 
123000 
IWOOO 
U322M. 



4^^.50; 

40.50* 
6l».00j 

56.8 1' 

41.061 

43.62 

36.87 

21.25 

29.37 



34. 




Cnuhing 
Focceper 

Sqaaro 
Ineh 

in lbs. 



'.Twn. 

2000C* 

1140CB^. 

13300 R% 
12400 

17600 
7000 
13189 M. 

12000 "B. 
\\800M.. 
\6&Q0 



106375 II. 
106540 II. 

145435 n. 
933S5II. 
86397 U. 

56000TG. 



(868311.) 
J 9363 II.} 
(3297H.1 
j 6402 II.} 
11663U. 
9771 H. 



10331 IX 



Modntai 

of Rnp* 

twe^ 

in Dm. 



376030 
36283H 
4349711 
37508 H 
35316 H 

540006 



121661 

109201 
9624 1 



9864 I 

103S6I 



( ff'»78T 
( 57 <r T ■* I 
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Hftterialf. 



Woods. 
Oak, EngUsh, .... 

<* Canndtan, . . . 

Pine, pitch, . . . • ; 

u red. 

I ** Amecican, vblte, 
^ "• 8(Nith«rn 

Poplar, • 



Other Materials, 

Brick, Ted, 

^ pale led. . • ■ . 

Chalk, { 

Goal, Pann. anthracite, . | 

^ ** flemi-bitumfaiouB, 

•* Md. " 

'* Peon, bitominoos, . 

M Ohio " 

«< English ^ 
Earth, 

loainy hard-stamped, fresh, 
** ** dry, 

garden, fresh, .... 
" dry, .... 

drj, poor, 

Glass, plate, . • . • . 

QraTel, 

Granite, Aberdeen, . . . 
iTory, 

Limestone, ..... | 

Blarble, white Italian, . . 
*^ black Galway, . . 
Masonry, quarry stooe, dir, 
** sandstoiM, ^^ 

" brick,diy, . { 

Ropes, 
hemp, nnder 1 Imsh diam., 
" ftomltoSln. ** 
" OTer 8 Inches '* 

Sand, rirer, 

Sandstone, . . . • • | 

** Dundee, .... 
** Derby, red and Mable, 
Slate, Wel£, ..... 
"" Seoteli, 



L 



Specifle 
Gravity. 



.872 B. 

.660 B. 

.657 B. 

.455 Br. 
.372 Br. 

.333 M. 

.745 B. 



2.1 6SR. 
2.0S5R. 
2.7*4 
1.869 
1.327 Ta. 
1.700 Ta. 
1.453 Ta. 
1.552 Ta. 
1.312 Ta. 
1.270 Ta. 
lJ259Ta. 

2.060 W. 
1.9:»W. 
2.05 ) W. 
1.6:30 W. 
1.340 W. 
2.453 
1.920 
2.625 R. 
1.826 
2.400 W. 
2.860 W. 
2.638 H. 
2.695 U. 
2.400 W. 
2.050 W. 
1.470 W. 
1.590 W. 



1.886 
1.900^. 
2.700 W. 
2.530 R. 
2.316 R. 
2.883 



Weight 

per 
Cubic 

Foot 
in lbs. 



68.37 
64.50 
41.25 

41.06 

23.44 
54.50 

23.94 

46.56 



ia5.50 

130.31 

174.00 

116.81 

82.94 

106.25 

90.81 

97.00 

82.00 

79.37 

73.69 

129.7.': 
121.62 
128.12 
101.87 
a3.75 
153.31 
120.00 
164.06 
114.12 
150.00 
178.75 
164.87 
163.44 
150.00 
123.12 
91.87 
99.37 



117.87 
118.75 
163.75 
158.12 
144.75 
180.50 



Tensile 

Strength 

per Square 

Inch in lbs. 



10000 B. 
10253 
7818 M. 



7200 Be. 
15000 B. 



280 
300 



9420 
16626 



9280 W. 
7218 W. 
6156 W. 



12300 
9600 



Crushing 
Force per 

Square 
Inch 

inlbe. 



(6184 H.) 
( 10O58n 
( 4231 n. 
)5982H. 
(6790H. 
i6790n. 
(5395H. 
(7518H. 



f3l07H. 

( 5124 H. 

12101 U. 



803 R. 
562 R. 

501 R. 



10914 R. 

1500 W. 
6000 W. 
9583 G. 



1400 W. 

13000 W. 

6630 R. 

3142 R. 



\ 



Modulus 
of Rup- 
ture <sr 
in lbs. 



10032 B. 

10596 B. 

9792 B. 

8016 B. 

7829 Br, 
13937 Br. 

14772 B. 



340 W. 

130 W. 



700 W. 
1700 W. 
1062 
2664 



6onw. 

800 W. 
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TABLE IX. 

MAGNETIC VARIATION. 

Thb following table has been made up from various sources, prin- 
cipally, however, from the results of the United States Coast Survey, 
kindly furnished in manuscript by the Superintendent, Prof. A. D. 
Bache. '* These results," he remarks in an accompanying note, ** are 
from preliminary computations, and may be somewhat changed by the 
final ones." Among the other sources may be mentioned the Smith- 
sonian Contributions for 1852, Trans. Am. Phil. Soc. for 1846, Lend. 
Phil. Trans, for 1849, Silliman*s Journal for 1838, 1840, 1846, and 
1852, and the various American, British, and Kussian Government 
Observations. The latitudes and longitudes here given are not always 
to be relied on as- minutely correct Many of them, for places in the 
Western States, were confessedly taken from maps and other uncer- 
tain sources. Those of the Coast Survey Stations, however, as well 
as those of American and foreign Government Observatories and Sta- 
tions, are presumed to be accurate. 

It will be seen that the variation of the magnetic needle in the 
United States is in some places west and in others east. Tlie line ofn» 
variation begins in the northwest part of Lake Huron, and runs through 
the middle of Lake Erie, the southwest comer of Pennsylvania, the 
central parts of Virginia, and through North Carolina to the coast 
All places on the east of this line have the variation of the needle 
west, — all places on the west of this line have the variation of the ] 
needle east ; and, as a general rule, the farther a place lies from this i 
line, the greater is the variation. The position of the line of no varia- ! 
tion given above is the position assigned to it by Professor Loomis fyt , 
the year 1840. But this line has for many years been moving slowlj i 
westward, and this motion still continues. I^ence places whose varin* ! 
tion is west are every year farther and farther from this line, so thtii < 
the variation west is constantly increasing. On the contrary, places 
whose variation is east are every year nearer and nearer to this line, 
so that the variation east is constantly decreasing. The rate of tiiis 
increase or decrease, as the case may be, is said to average about 2' for 
the Southern States, 4' for the Middle and Western States, and 6' fof 
/^e New England States.* The Increase in Washington in 1840-S 
^asS' 44.2^f; in Toronto in 1841 -2 it was V 4^^". T\v^ changes in j 

♦ Prof LoomiB In SilUman'a Jourua\.\o\."XXXVX..,A^^. 
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Cambridge, 1708, 
1742, 
1757, 
1761, 
1763, 
1780, 
1782, 
1783, 



« 

M 
tt 

tt 
U 
U 



O I 

6 38 
6 30 
5 57 

5 20 

6 22 

7 30 

8 51 

9 18 



Cmmbridgc, Mass. may bo seen from the following determinations of the 
rariation, taken from the Memoirs of the American Academy for 1846. 

O I ^ 

9 Cambridge, 1788, 

8 lioston, 1793, 

7 20 ISulum, 1805, 

7 U " 1808, 

7 " 1810, 

7 2 Cambridge, 1810, 

6 46 " 1835, 

6 52 " 1840, 

Bat besides this change in the variation, whicli may be called seen- 
lar, there is an annual and a diurnal change, and very frequently there 
are irregular changes of considerable amount With respect to the 
annaal change, the variation west in the Northern hemisphere is gen- 
erally found to bo somewhat greater, and the variation east somewhat 
less, in the summer than in the winter months. The amount of this 
change is different in diflcrcnt places, but it is ordinarily too small to 
be of any practical importance. The diurnal change is well deter- 
mined. At Washington in 1840-2, the mean diurnal change in the 
variation was,* — 

Snmmer, 10 4.1 Autumn, 6 21.2 Winter, 5 9.1 Spring, 8 10.7 
At Toronto the means were, t — 





1841. 

6.67 

9.46 

12.38 


1843. 


1845. 


1847. 

7.28 
10.08 
13.84 


1849. 


1850. 


1851. 


Winter, 

Spring and Antumn, 

Sammer, 


5.64 

9.36 

11.70 


5.73 

9.15 

13.36 


8.25 
12.1>5 
14.80 


8.01 
10.90 
13.74 


7.01 
10.82 
12.61 



The dinmal change in the variation is such that the north end of the 
needle in tlie Northern hemisphere attains its extreme westerly posi- 
tion abont 2 o'clock, P. M., and its extreme easterly position about 
8 oMock, A. M. In places, therefore, whose variation is west, the 
maximnm variation occurs about 2 P. M., while in places whose vari- 
ation is east, the maximum variation occurs about 8 A. M. In Wash- 
ington, according to tlie report of Lieutenant Gilliss, the maximum va- 
riation, taking the mean of two years* observations, occurs at l''* 33'"' 
P. M., the minimum at 8*** 6"* A. M. 

The determinations of the Coast Survey are distinguished by the 
letters C. S. attached to the name of the observer. In some instances 
the name of the nearest town has been added to the name of the Coast 
Survey station. 

• Lieut aiUbM^f Boport, Senate Document WlA'^Vo 

• London Phllotopbleal TrmnsacUonn, l«a 
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.TABLE tX. 



VARIATION, 



NmwiJ^' 

~ ■ r rolDt, Ktw ^_ 

tacbsm'a llttA, 



Cc^ SUten lataixl, 4i 



LcggctC, 
LiDjrd'* Uubor, 



a. VuiDttr]Foy,C.S. 






I 3 3,aw. 

: 3 Ra " 



vssi: 



* Xioal Attnctton «jdaU h«n, w^utd]io% to 
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~ 

PtMfc 


t"^: 


Lmgl 
toOe. 


,.„,„ 


StLt*. 


Titetka. 




BOTDlnr nook 




7^3i, 












:§iii. 


.1. I.IK-Iic, (!, fl 


June, 131U 


3 ibw 




Fort Doli-i.™, Del 














B«i« lUrar, 


39 35. 




J. J^ke, 0. S. 


June, 1M6 






I^«a9 Laading, 


3^ 43.8 


JBll. 


J. Locke, U. S. 


Jull^ 1840 






I'ilnl TooD, 


M47. 


TO 9. 


J. Iflcko, C. B. 


JnlJ 1849 








M«.a 


75 33.R 


J, I«rko, 0. 8. 


Ju^lMO 


2 47.8 " 




Vl-ibDioil.™, 


39 44.9 


r5 33.« 


j.Lo=i«;o.a. 


U.i7l8« 


2 31.8 ■ 




MavirfB**. 


















78 35.0 










Boaiiin, 




76 2S.S 


t! j! i*:; c. s. 


Aprll',184r 


3 a.*8o 




^"Sai^Ii!;"''' 


3aiM.4 


76 31.H 


J.L«:k«,(1.3. 


A[>ru;i316 








78 3i.r 


T.J I«.0.8. 


April. iSd? 






nm, 


Moa.' 






9ept,IS£0 


£ 1G.4 ■ 






XI 1.8 




J^'l'taJiMn'o.'!.' 


J7ty.i*» 






Ihrriott's, ' 




78 36.3 


T J i«,d8. 


JoDD, IS49 


S CS- 




Nonh Poluf, 




76!i6.3 


T J.LM^l!.fl. 


Jdy, 18)6 


1 43.1 •• 




08tarn.'» Jtulo, 




78 18.8 


T J.Lce^ll.a. 


JudV. I»|5 


3 39.4" 




Poole's Island, 




70 lO.i 


T ,1.Lw,'((,S. 














T.J, !«>,». 


Junu|l81S 


3 isio " 




Soper, 






O.W.Ita!Ln,0.S. 


July, laau 


















Uland, ■ 




76 21.J 


1'. J. Lt*, C, 9, 


JUMl, l&Sfl 


a 26.9 " 


















hou«,IIa™d« 














0^M:^ 




7fi 4.fi 




Jnly, IS17 


a 61.1 ■< 




Tsjior, 






1 J. L™,0.8. 


iUy, IW 






ir.bb, 




76 40.11 


O. W. Dum, C. a. 


Sot.; 1*00 


a 7.9 " 




iKifricI ^/' Colum 














bia. 














C™(m, Ooorge- 






















Jims, ISil 






IVuslilu'elon, 






J.' SI, "(ii 111m; 


J-uJ;,sl2 






nrelnia. 




















Cror. PatUcKoii, 




0.0 




Konlyn, Poton- 














.131., 






0. IF, D«o, 0. 3. 


*Qi.,ista 






40 8.0 


SO 47.0 


J.Locko, 


Aprif,i3m 


2 4;oE.' 




iV»rM Carnlimi. 














^d^.tani. 


V.iT.B 


;B 31.6 


J.O. Doutollo, C. 8. 


Dee., 1^16 


1 13.4 W. 






M J.3 


^iiio 




Mht., 1:^7 






36 B.3 




i' 6. B^Mita; a 1; 


Veb,' ld47 


1 39>» 




SWlACWslJu. 














nnHhlnlM, 


8 45,3 


7Bia.T 


:. 0. DouwiB, c. a. 


April, IS40 


2 lo.sa. 




SS^CW. 




9G3.0 




May lajl 


2 £J0 " 




Jiaia 




l.Jtart'OMn, l5. S. 


Aprti,liM 


s faia " 




ft.*!™^ 


w on 


ssaio 


Prof. McCoj. 


Kn7 


4 31 OK 




Columboi. 




fi io!r) 


I«]1. anrrrf. 






wu<t«»iu>, 




33an.n 




i.<H i; 6i:o " 


5 


•fXiuai, 


tt S.0 


1 G.S 


j^l*mZa\c.9. 


April, IS52 


3 45.0" 



TABLE IX. MAGNETIC VARIATION. 
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Place. 



Florida. 

Cape Florida, 
Cedar Keys, 
St. Marks Light, 
Sand Key, 

Alabama. 

Fort Morgan, Mo- 
bile Bay, 
Tuscaloosa, 

Mississippi. 
East Pascagoala, 

Texas. 

Dollar Point, Gal- 
veston, 
Mouth of Sabine, 

Ohio. 

Carrol ton, 

Cincinnati, 

Columbus, 

Hudson, 

Marietta, 

Oxford, 

St. Mary's, 

Tenrussee. 

Nashville, 

Michigan. 
Detroit, 

Indiana. 

Richmond, 
South Hanover, 

Illinois. 
Alton, 

Missouri. 
St. Louia, 

Wisconsin. 

MadiRon, 
Prairie du CbleU) 

Iowa. 

Brown^s Settlement 
Davenport, 
Farmer's Creek, 
Wapsipinnicon 
lUver, 

Calijbmia. 
Point Gonceptioo, 



lati- 
tude. 



o 
2r> 

29 
30 
21 



30 
33 



39.9 
7.5 
4.S 

27.2 



13.8 
12.0 



30 20.7 



29 
29 



39 
39 
39 
41 
39 
39 
40 



26.0 
43.9 



as.o 

6.0 
67.0 
15.0 
26.0 
30.0 
32.0 



36 10.0 



42;U.O 



39 
33 



40.0 
45.0 



33 
33 



43 
43 



52.0 
3G.0 



60 
1.0 



42 
41 
42 

41 
34 



2.0 
30.0 
13.0 

44.0 
26.9 



Lon^- 
tude. 



Authority. 



80 9.4 J. E. inigard, C S. 

83 2.8; J. £. Hilgard, C. S. 

84 I2.5|J. £. Hilgard, C. S. 

81 52.0 J. £. Hilgard, 0. S. 



88 0.4 
87 42.0 



88 31.4 



94 53.0 
93 51.5 



84 9.0 
84 22.0 
3.0 
26.0 
29.0 
81 33.0 
84 lU.l 



83 
81 

HI 



8G 4'J.( 



82 58.0 



W 47.0 
86 23.0 



90 12.0 



89 36.0 



89 41.0 
91 8.0 



91 18.0 
90 34.0 
90 39.0 

90 39.0 



R.H. Fauntleroy,C.S. 
Prof. Barnard, 



R.II. Fauntleroy,C.S. 



R.II. Fauntleroy,C.S, 
J. D. Graham, 



J. 
J. 
J. 
B. 
J. 
J. 
J. 



Locke, 

Locke, 

Locke, 

Loomis, 

Locke, 

Locke, 

Locke, 



Prof. Hamilton, 



Geol. Report, 



J Locke, 
Prof. Dunn, 



n. Loomis, 



Col. NicollB, 



n. S. Snrveyom, 
U. S. Surveyors, 



J. Locke, 

U. 8. Surveyors, 

J. Locke, 

J. Locke, 



Date. 



Feb., 1850 
Mar., 1852 
April, 1852 
Aug., 1849 



May, 1817 
1839 



June, 1847 



April, 1848 
Feb., 1840 



Sept., 1845 
April, 1845 
July, 1845 
1840 
April, 1845 
Aug., 1845 
Sept., 1845 



1835 



1840 



Sept., 1845 
1837 



1840 



1835 



Nov., 1839 
Oct., 1839 



yariati<m. 



o I 

4 25.21. 

6 20.5 " 

5 29.2 « 
5 29.0 «* 



7 3.8 B. 
7 23.0 »' 



7 12.4 E. 



8 57.2 E. 

8 40.2 " 



4 45.4 E. 

4 4.0 " 

2 29.3 " 

52.0 " 

2 25.0 " 
4 50.0 " 

3 4.0 " 



7 7.0 B. 



2 O.OB. 



4 52.0 E 
4 35.0 " 



7 45.0 E 



8 49.0 E. 



7 30.0 E. 
9 5.0 " 



4.0 E. 
50.0 " 
11.0 " 



1 20 26.0 jQ . I>av\0LROT\, C . %. 



Sept., 1839 9 

Sept., 1839 7 

Oct., 1839 9 

Sept., 1839 8 25.0 " 



>a">fc. 
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TABLE IX. MAGNETIC VARIATION. 



Place. 


Lati- 
tude. 


Longi- 
tude. 


Authority. 


Date. 


TariatlOB. 


Point Pinos, 
Monterey, 


^ 3^.0 


O 1 

121 64.0 


G. Davidson, G. S. 


Feb., 1351 


14 skoB. 


Presidio, San 












Francisco, 


37 47.8 


122 27.0 


G. Davidson, C. S. 


Feb., 1852 


15 26.9 « 


San Diego, 


32 42.0 


117 14.0 


G. Davidson, C. S. 


May, 1851 


12 29.0 •< 


Oregon. 












Cape Disap- 












pointment, 


46 16.6 


124 2.0 


G. Davidson, C S. 


July, ia-)i 


20 45.0 K. 


Ewing Uarbor, 


42 44.4 


121 21.0 


0. Davidson, C. S. 


Nov., 1851 


IS 29.2 «* 


WcLshington 


1 










Territory. 












Scarboro* Har- 












bor, 


43 21.8 


124 37.2 


G. Davidson, C. S. 


Aug., 1852 


21 30.2 E. 


BaiTisa Amer- 












ica. 












Montreal, 


45 30.0 


73 35.0 


Capt. Lefroy, 


1842 


8 68.0 W. 


Quebec, 


46 49.0 


71 16.0 


Capt. Lefroy, 


1842 


14 12.0 " 


St. Johns, C. B. 


45 19.0 


73 18.0 


Capt. Lefroy, 


1842 


11 22.0 •' 


Stanstead, 


45 0.0 


72 1.3.0 


Boundary Survey, 


Nov., 1845 


11 33.0 " 


Toronto, 


43 39.6 


79 21.5 


British Govern., 


Sept., 1844 


1 27.2 « 


Nkw Orexada 












Panama, 


8 57.2 


79 29.4 


\Y H. Emory, 


Mar., 1349 


6 54.6 X. 


Eastern IIemi- 












SPUERB. 












Greenwich,Eng- 












land. 


51 23.0 


0.0 


Prof. Airy, 


1841 


23 16.0 W. 


Makers toun. 












Scotland, 


55 35.0 


2 31.0 W. 


J. A. Broun, 


1812 


25 29.6 « 


Paris, France, 


48 50.0 


2 20.0 E. 


Paris Observatory 


Nov., 1851 


20 jfe.O «< 


Munich, Bava- 












ria, 


48 9.0 


11 37.0 « 




1842 


16 48.0 •« 


St. Petersburg, 












Russia, 


59 56.0 


30 19.0 «* 


Russian Govern., 


1842 


6 21.1 « 


Catherinenburg 












Siberia, 


56 61.0 


60 34.0 " 


Russian Govern., 


1842 


6 33.9 B 


Nertchinsk, Si- 












beria, 


51 56.0 


116 31.0 " 


Russian Govern., 


1842 


3 46.9 W. 


St. Helena, 


15 56.7 S. 


5 40.5 W. 


British Govern., 


Dec., 1845 


23 36.6 w 


Cape of Oood 












Hope, 


33 56.0 •« 


18 23,7 E. 


British Govern , 


July, 1846 


29 8.0 « 


Hobarton, Tan 








•^ # 




Diemen'8Ld.,42 62.5 • 


147 27.5 " 


British Govern., 


Dec., 1848 


10 8.0 ■. 
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TABLE X. 

■^TRIGONOMETRICAL AND MISCELLANEOUS FORMULJB 

Let a (fig. 57) bo any acute angle, and let a perpendicular B C\)% 
■irawn from any point in one side to the other side. Then, if the sidei 



Fig. 57, 




of the right triangle thus formed arc denoted by letters, as in the fig 
uro, we shall have tliese six formulae : — 



1. sin. A 

2. cos. A 

3. tan. A 



a 
c 
b 

e 
a 
b 



4. coscc. A 

5. sec. A 

6. cot. A 



e 
o • 

c 

1 ' 

b 



Solution of Rigid Triangles (fig. 57). 



7 
8 
9 



/ 



GlTcn. 



a, c 



a, h 
A, a 



Sought. 
A,B,b 



A,B,c 
B,b,c 



Formula). 



a 



a 



sin. A= - f cos. B = - y b= ^/(c -\-a) (c — a) 

c c 



tan. ud 



^ , cot. B = j^, c = ya« -f 6«. 
5 = 90° — j1, 6 = a col ^, c = ^-|. 
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TABLE X. TRIGONOMETRICAL AND 
Solution of Oblique Triangles (fig. 58). 

n 

Fig. 58. 




12 
13 
14 



15 



16 
17 
18 



GiTen. 
A,B,a 

Aj a, h 

a,b, C 



a, bfC 



A,B,C,a 

A^ 6, c 
a, 6, c 



Sought. 
6 

B 

A — B 



a 8!n. B 
= — 



Formula). 



area 
area 
area 



Bin.A' 
b sin. A 
~ a • 

— m = (° — '') ^^ hu-\-B) 

a + 6 



sin. B = 

tan. i (A — B) 

^ be 

cos.M=\/'^^ t.an.M=>J^^^ 

I Sin. ^ = j^ . 

a2 sin. D sin C 

area = — o""^ — m • 

«»v.« 28in.il 

area = J 6 c sin. xi. 

's=i (a + t + '"»i aica=y6- (s-a) («--l>) (f- 4 



General Trigonometn'^^' Formulce. 

19 sin.«^ + cos.*^ = 1. 

20 sin. (.4 ± i5) = sin. A cos. Z? ± sip b cos. -4. 

21 COS. {A :t B) = COS. ^ cos. B qp sin. ..'* »'iJ*. B. 

22 sin. 2^ = 2 sin. A cos. ^. 

23 cos. 2 J. = COS.* A — sin.* 2I = 1 — 2 sin 4*2 cos.* Jl — 1. 

24 sin.' ^ = J — J cos. 2 ^. 

25 COS.2 ^ = J + i cos. 2 ^. 

26 sin. A + sin. 7i = 2 sin. ^ {A -\- B) cos. J (^ J5). 

27 sin. A — sin. J5 = 2 cos. J (^ + /^) sin.^ (^ B), 
bsjcos. A -f C05. 2^ = 2 cos. J (yl + i^) cos. J (^ - 7^). 

/^^. m*. ^ — COS. A =^2 sin. J ( A + IB) sm. ^ ^A — P\ 

'cos,'-' A — «/n.* Z? = COS. (A -\- B\ cos. ^A — B\. 



MISCELLANEOUS FORMULA. 



195 



32 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 



ian. A = 
cot. A = 



sin. A 
coa A 

C08.il 



8ill.il 

tan. {A±B) = 



tan. A -^ tan. B 
i if tan. ilanrs • 



tan. ^ ± tan. i? = S^nToTs • 

cot. ^ ± cot. z? = ± iE::r^iirs 

sin. ^ 4- sin. B __ tan. H^ + B ) 
sin. il — sin. B tan. i (J. — B) ' 
sin. il -f- sin. .B ... , _,. 

co8..14-cos.^ = tan. i {A + B). 

sin. A 4- dn. .B ... ->, 

COS. B- COB. A = cot- i (^ - ^)- 
sin. il — sin..JS 1/4 T^v 

COS. ^ + COS. .B = t^"- i (^ - ^)- 

sin. il — si n. B 4, \ i a t n\ 

COS. B^ COS. A = CO<^ i (^ + ^)- 
sin. J. 



tan. 



M = r 



H-cos. A ' 
. J A sin. A 

<^0<^- M = 1-cos.A • 



44 
45 
46 

47 



48 



49 



50 

'51 
52 
53 



Sought. 
Area of 

Circle 

Ellipse 

Parabola 

Regular Polygon 

Surface of 
Sphere 
Zone 

Spherical Polygon 

Solidity of 

Prism or Cylinder 

Pyramid or Cone 

Frustum of Pyr- 
amid or Cone 



} 



Miscellaneous Formidm. 
Given. 

Radius = r 

Semi-axes = a and b 

Chord = c, height = A 

( Side = a, number of ) 
I sides = n J 

Radius = r 

Radius = r, hciglit = h 

( Radius of sphere =r 
} sum of angles = S 
( number of sides = n 

Base — b, height = h 

Base ~ b, height =- h 

b and />i , ] 
h 



( Bases — 
I height = 



Formal*. 



Trr*. 

nab, 

Ich* 

\a*n cot. 



4 n r«. 
2nrh. 



\9fP 



71 7«X - 



ISO-' 



bh. 

h b h. 



\iiii{b-\-h,\jhh;s 



' ^-^-;-«^^« -'-rcnlarse^ent on railroad curves, where the chord \a xer^ \otx% 



f36 



T\BLE X. MISCELLANEOUS FQSMTJLJS. 






54 
55 

56 
57 

58 



Souffht. 
Solidity of 

Sphere 
Spherical Segment 

Prolate Spheroid 
Oblate Spheroid 

Paraboloid 



GiTcn. 
Radius = r 



( Radii of bases = r) 
I and Ti , height = A ) 



I Semi-transverse axis 
of ellipse = a 
Semi conjugate axis 
of ellipse = 6 

( Radius of base = r, 
I height = A 



Formula. 



i7tr». 



3 TT a 6*. 
3 TT a* 6. 

||j7rr»A. 



7r = 3.14159 26535 89793 23846 26433 83280. 
Log. n = 0.49714 98726 94133 8.5435 12682 88291 

United States Standard Gallon = 231 cub. in. = 0.133681 ciib.ft 
" " " ^ Bushel = 2150.42 " = 1.244456 " 

British Imperial Gallon =277.27384" = 0.160459 " 



According to Ilasslcr. 
French Metre, = 3.2817431 ft., 

" Litre, = 61.0741569 cub. in., 

" Kilogram, = 2.204737 lb. avoir., 



As usuaUy glren. 
= 3.280899 ft. 
= 61.02705 cub. in. 
= 2.204597 lb. avoii 



Weight of Cubic Foot of Water, 

Barom. 30 inches, Therm. Fahr. 39.83«>, = 62.379 lb. avoir. 
«« ** " " 62° = 62.321 ** 



Length of Seconds Pendulum at New York = 39.10120 inches. 
" " " " " London = 39.13908 " 

** " " " " Paris = 39.12843 «* 



Equatorial Radius of Earth according to Bcssel = 20,923,597.017 fei 
Polar u u u « = 20,853,654.177 ' 



TABLE XI. 



UARES, CUBES, SQUARE ROOTS, CUBE ROOTS, 



AND 



RECIPROCALS OF NUMBERS 



TSOM 1 TO 10S4. 



138 TABLE XI. SQUARES, CI/UES, SQUARE ROOTS, 



No. 


Squares. 


Cubes. 


Square Roots. 


1 


1 


1 


1.0000000 


2 


4 


8 


1.4142136 


3 


9 


27 


1.7320508 


4 


16 


61 


2.000U0U0 


fi 


2.', 


125 


2.2360680 


6 


36 


216 


2.4494897 


7 


49 


313 


2.6457513 


8 


64 


512 


2.8284271 


9 


81 


729 


3.0000000 


10 


100 


1000 


31622777 


11 


121 


1331 


3.3166248 


12 


141 


1728 


3.4641016 


1.) 


169 


2197 


3.6055513 


1-1 


196 


2744 


3.7416574 


15 


22') 


3375 


3.8729833 


16 


256 


4096 


4.(XXKXXW 


17 


289 


4913 


4.12.31056 


18 


321 


5832 


4.2126107 


19 


361 


6859 


4.3583989 


20 


400 


8000 


4.4721360 


21 


411 


9261 


4.5825757 


22 


48-1 


10648 


4.6904153 


33 


529 


12167 


4.7958315 


^ 


576 


13S24 


4.8989795 


2.'i 


62;-> 


15625 


6.0000000 


26 


676 


17576 


5.0990195 


27 


729 


196S3 


5.1961524 


28 


784 


21952 


5.2915026 


29 


811 


^4389 


6.3851648 


30 


900 


27000 


5.47722.56 


31 


961 


29791 


5.-5677644 


32 


1021 


32768 


5.6568542 


33 


1089 


35937 


5.7445626 


31 


1156 


39304 


5.8309519 


35 


1225 


42:i75 


6.9160798 


36 


1296 


46656 


6.0(KX)000 


37 


1369 


50653 


6.0827625 


38 


1444 


54872 


6.1644140 


39 


1521 


59319 


6.2449980 


40 


1600 


64000 


6.3245553 


41 


1681 


6S921 


6.4031242 


42 


1764 


74088 


6.4807407 


43 


1819 


79507 


6.5574385 


44 


1936 


85184 


6.6332496 


45 


2025 


91125 


6.70S2039 


46 


2116 


97336 


ejsuami 


47 


2209 


103823 


6.8556r>46 


48 


2304 


110592 


6.9282032 


49 


2101 


117649 


7.0000000 


50 


2500 


125000 


7.0710678 


61 


2601 


132651 


7.14 M284 


52 


2704 


140608 


7.2111026 


53 


2809 


148877 


7.2801099 


51 


2916 


157464 


7.3484692 
7.416I§85 


55 


3025 


166375 


56 


3136 


175616 


7.4833148 


57 


3249 


185193 


7.5498.114 


5i 


3364 


195112 


7.6157731 


50 


3iSl 


205379 


7.68U457 


60 


3600 1 


216000 


7.7459667 


61 


3721 1 


2:261>dl 


7.8lO'-i497- 


62 1 


3Si4 1 


23S328 


7.87-llXffa 



Cubo Roots. 



Recipncak 



1 



1M10WJU0 
1.2390210 
1.4422496 
1.5874011 
1.7099759 
1.8171206 
1.9129312 
2.0000000 
2.0800837 

2.1.'-»44a«7 

2.2239801 

2.2894286 

2.3513^17 

2.4101422 

2.4662121 

2.5198421 

2.5712816 

2.6207414 

2.6681016 

2.7144177 

2.7589243 

2.8020393 

2.8438670 

2.8844991 

2.9240177 

2.9624960 

3.00(NK)00 

3.0365889 

3.0723163 

3.1072325 
3.1413806 
3.1748021 
3.2076*13 
3.23961 18 
3.2710663 
3.3019272 
3.3322218 
3.3619754 
3.3912114 

3.4199519 
3.4432172 
3.4760266 
3.5033981 
3.5303483 
3.5568933 
3.5830479 
3.6088261 
3.6^12411 
3.6593057 

a6840314 
3.7084298 
3.7325111 
3.7562858 
3.7797631 
3.8029525 
3.8258624 
3.8485011 
a870S766 



1.000000000 
.50UOUOUOU 

.333333333 

j^ooooouoo I 

.166666667 j 

.142857141 9 
.125000000 

.111111111 I 

.100000000 [ 

.090909091 I 

.083333333 ' 

.076923077 | 

.0714235n 

.066666667 

.06250000') 

.058823529 

.055555556 

.052631579 

.050000000 

.047619018 

.045454540 

.04347826 

.041666667 

^OlOOOOOOO 

.038461533 

.a'J7037037 

.035714286 

.034482759 

.033333333 
.032258065 
.031250000 
.030303(130 
.029411763 
.0285714-29 
.027777773 
.027027027 
.026315789 
.025641026 

.025000000 
.024390214 
.023309524 
.023255814 
.022727273 
.022222222 
.021739130 
.021276600 
.020333333 
.020103163 

.020000000 
.019607343 
.019230769 
.018867925 
.018518519 
.018181818 
.017857143 
.017543860 
.017241379 
.016949153 
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No. 


Squares. 


Cubes. 


Square Roots. 


Cube Roots. 


Reciprocals. 




63 


3969 


250047 


7.9372639 


3.9790571 


.016873016 




M 


401^6 


262144 


8.0000000 


4.0(KXXiOO 


.016625000 




65 


4225 


274626 


8.0622677 


4.0207256 


.016384616 




66 


4356 


287496- 


8.1240384 


4.0112401 


.016161616 




67 


4489 


300763 


&1863528 


4.0616480" 


.014926373 




68 


4624 


314482 


8.2462113 


4.0816661 


.014706882 




69 


4761 


328609 


8.3066239 


4.1016661 


.014492764 




70 


4900 


343000 


8.3666003 


4.1212863 


.014286714 




71 


5<)4l 


357911 


8.4261498 


4.1408178 


.014084507 




72 


6184 


373248 


8.4852814 


4.1601676 


.013888889 




73 


6329 


389017 


8.5440037 


4.1793390 


.0136986.30 




74 


6476 


405224 


8.6023263 


4.1983364 


.013513514 




75 


5625 


421875 


8.6602540 


4.2171633 


.013333333 




76 


5776 


43S976 


8.7177979 


4.2358236 


.013157893 




77 


5929 


456533 


8.7749644 


4.2543210 


.012987013 




78 


eOi^i 


474552 


8.8317609 


4.2726586 


.012820513 




79 


6211 


493039 


8.8881944 


4.2908404 


.012668228 




80 


6100 


512000 


8.9442719 


1 4.3068696 


'.012600000 




81 


6561 


631441 


9.0000000 


4.3267487 


.012346679 




82 


6721 


551368 


9.0553S61 


4.3444816 


.012196122 




83 


6889 


571787 


9.1104336 


4.3620707 


.012048193 




84 


7056 


5927W 


9.1651514 


4.3795191 


.011904762 




85 


7225 


614125 


9.2195445 


4.3968296 


.011764706 




86 


7396 


636056 


9.2738185 


4.4140049 


.011627907 




87 


7569 


658503 


9-t^379l 


4.4310476 


.011494263 




88 


7744 


681472 


9.3808315 


4.4479602 


.011363636 




89 


7921 


704969 


9.4339811 


4.4647461 


.011235955 




90 


8100 


729fX)0 


9.4868330 


4.4814047 


.011111111 




91 


8281 


753671 


9.5393920 


4.4979414 


.01098901 1 




92 


&164 


7786S8 


9.5916630 


4.6143674 


.010869565 




93 


8649 


801357 


9.6436508 


4.5306549 


.010762688 




94 


8836 


8305^4 


9.6953597 


4.5468369 


.010638298 




95 


9025 


857375 


9.7467943 


4.5629026 


.010526316 




96 


9216 


8.S4736 


9.7979590 


4.5788570 


.01(MI(;GH7 




97 


SM09 


912673 


9.8488578 


4.5947009 


.010309278 




9S 


9Gi>i 


911192 


9.8994949 


4.61043G3 


.0102(«0,v2 




99 


98UI 


970299 


9,9198744 


4.6260650 


.010101010 




100 


lOOOO 


1000000 


10.0000000 


4.6115888 


.010000000 




IDl 


10201 


10.i0301 


10.0498756 


4.6370095 


.009900990 




l(h2 


loiai 


10GI208 


10.0995019 


4.6723287 


.009^03922 




103 


10609 


1092727 


10.1488916 


4.6>575462 


.(Kni7()S7:{8 




1(M 


10816 


112isfr4 


10.1980390 


4.7026694 


.009G 153-5 




105 


11025 


1157G25 


10.2469508 


4.7176940 


.009523810 




106 


11236 


1191016 


10.2956301 


4.7326235 


.(K)«>i;i'{9G2 




107 


11449 


1225043 


10.3440804 


4.7474594 


.009315791 




103 


116&1 


1259712 


10.3923048 


4.7622032 


.009259259 




109 


11881 


1295029 


10.44030G5 


4.7768562 


.009174312 




110 


J2100 


1331000 


10.4880085 


4.7914199 


.009090909 




HI 


12321 


1367631 


10.5356538 


4.805(5955 


.0090<»9009 




112 


12544 


1404928 


10.5830052 


4.8202845 


.008928571 




113 


12769 


1442897 


10.6301458 


4.8345881 


.0088.19558 




114 


12996 


1481544 


10.6770783 


4.8488076 


.IK)8771930 




115 


13225 


1520875 


10.7238053 


4.8629-442 


.008695652 




116 


13156 


15G0896 


10.7703296 


4.^769990 


.008620G90 




117 


13689 


1601613 


10.8I6G538 


4.8909732 


.(K)8rvl7(i09 




118 


1392-1 


1613032 


10.8G27S05 


4.9(H8asi 


.(KKl74o7G 




119 


141G1 


1GS5159 


10.9087121 


4.9186847 


.00S-10:}3(U 




120 


14400 


172SO0O 


10.9544512 


4.9324242 


, .Ws^^'.>,'Xi V 


121 


1461J J 


1771561 


J/. 0000000 


4.946l)&74 


\ .^>^KiOUQ;\ >\ 


122 


148ty4 


1S15<S-1H 


llMoSGiO 


4.9596757 


\ .iX)%\\^eu^i\ >\ 


123 / 
124 1 


l,'fl29 / 


lS6f)S67 


/i. 0905365 


4.97318^8 


\ .0(>^\^SO^V v 


15376 1 


r.Hi6624 1 


ll.l33o'2S7 


4.08663in 


\ .wej06\5\^ ^ 



IV) 


TABLE X 


I. S'iUA^.I 
Cubea. 


:s, .-.•iins, 


SQUARE ROOTS, 


yo. 


2.|iiape Iluotji. 


Cube Roots. 


Rcdpnok . 


\i-t 


1 '.03 125 


ii.i-iircwa 


6.0000000 


.0030 w»» ! 


; \.ir, 


i ".-:•; 


i?»rrrr. 


11. -221^722 


5 013^79 


.0O793G5I; 


i-r: 


1 ♦•.;•.'.» 


2- •1-3-3 


11.2»'.U1277 


6.0265257 


JX»7374'>1« '■ 


I2-? 


I'Jl-J 


2r.i7152 


ll.3l37cKi 


5.0396*12 


.007.31 XM) 


; i^^J 


I'l-'.ll 


21 i'>;yj 


11. 337-107 


5.0527743 


.00775193S 


13=) 


i»;.))'j 


21ir7iH0 


11.4017.543 


6.0657970 


.007692303 . 


IM 


17l'il 


22HCJI 


ll.44.-»523l 


6.0737531 


.0O76335S8 ! 


i:« 


171-^1 


22y.W5S 


ll.4:J*J12.->.3 


5.09161.^ 


.007S757a 


litJ 


ITtWJ 


2.3.32637 


I1.532.'.626 


6.IOII6S7 


.007513797 


i:M 


ir-.j-v; 


24>i''>|i»l 


11.57.5-S36J 


5 1172299 


.00746-;^ 


i:r. 


i-j^-i 


21011375 


lI.61<'riU0 


6 1299273 


.OO74074>7 


i:i6 


l^U« 


2.5151.-^ 


ll.eCliKOS 


5 1425632 


.007a>291l 


137 


I •^70'J 


257i:i.-i:J 


11.7016i»'J9 


5.1551367 


.007299270 . 


i:h 


r.rtn 


2«'.2<)72 


11.7473141 


5.1676493 


.007216377 " 


I3<J 


l'J32l 


2G3.-jG1'J 


11.7a'J2261 


5.1:301015 


.007194243 


140 


lOOOf) 


274imf) 


11. .'3321596 


6.1921941 


.007142357 


111 


ly-isi 


2S():}221 


11..S74.3121 


5.-2»HS279 


.007092199 


112 


2fMr>i 


2^5<|fr2^S 


11.91 6.3753 


6 2I7I034 


.0070122»1 


143 


2111 lU 


2'.)212JI7 


11.9.5-^2607 


6.2293215 


.006993007 


141 


2'i7:W 


2U•^5'J•^1 


r2.(KlO«)00() 


5.2114S23 


.006944441 . 


115 


2ifW.-. 


3«U"^2:-> 


12.0115916 


6.2535S79 


.006396533 


11» 


2131') 


3n2i:jr, 


12.0<JOlfif) 


5.26.56374 


.006349315 


J47 


21 (VW 


317f5.V23 


12.12 1.35^-|7 


5.2776321 


.00630272. 


14?J 


2l'J(Jt 


32II7'J2 


I2.ir,5.'i251 


5.2S95725 


.006756767 


14iJ 


22:21)1 


33»J7yiy 


12.201)5556 


5.3014592 


.006711409 


IM 


^>V)r) 


3.37.'i<KKj 


12 21741S7 


5.313292S 


.006666667 - 


l.'.l 


22S<)1 


3112051 


12 2S*^2«)57 


6.3^50740 


.006622517 ! 


iri2 


2:Jini 


35ll«^l)S 


12..32SV2S0 


5.336Sa33 


.006.57c»947 


iri:i 


2.3 1(K) 


35-11577 


12:WiWir>9 


5.3H1S12 


.006535913 


151 


237 1 fl 


3<r)22<il 


12.40'.>G7;») 


5.36010d4 


.006493506 


1-|5 


2l(»25 


372:W5 


12.11vN9l>r, 


5..37 16*54 


.006451613 


156 


21:j:M5 


37iWinJ 


12.1v,KnMM) 


5.:H32126 


.006110256 


157 


2l';i'} 


3-r.J''H3 


I2..52\).K)U 


5.:ft)169i77 


.006:M9427 


I5S 


2t-Mit 


31M1312 


12.5«;'.J'^)51 


5.li!6l202 


.(K')6329114 


15"J 


252^1 


4()l%7y 


12.GiH)5202 


5.4175015 


.OOG239303 


W) 


2.V)()0 


40wn) 


I2.fii9inir> 


5.12^<i.^>2 


.006250000 


1(U 


2.V.)2l 


4I73>-1 


12.fW"»5775 


5.140I2H 


.006211130 


ir,> 


2»v^n 


425 1. -.2^ 


12,727'.»221 


6.451.3613 


.006172310 


KH 


2H.VV.» 


43.3; »7 17 


12.7G71 IX\ 


5. ir»-255.'i6 


.006131969 


lai 


2(;siHJ 


4n(l-Ml 


12.^HJ21S.5 


5. 17370:J7 


.006097561 


i<r> 


272-2.-> 


41'J2I25 


12..S1.V2326 


6.4-^1^066 


.006(160606 


ir>ti 


275:iC 


457I2;M; 


12.'<--l(HK7 


5.49.5>^7 


.0(X>024096 


U\7 


27->i>U 


4r..-rir.3 


12.922- ISO 


5.506^7^ 


.(H5933024 


nw 


2-2-il 


47lir.32 


12.'.»«ilH14 


5.517<4S4 


.005952331 


Ki'J 


2S,->(U 


4S2fi>ai'J 


13.iiO(klOO0 


6.52S7743 


.005917160 


17(i 


2«5i»l)0 


4'.)i:>x)() 


13.0.3^1018 


5.53n6.KS3 


.0a'>?l32353 


171 


2'jm 


f>!K^.^2^ 


13.07rv«)iKW 


6.5501991 


.005847953 


I7'i 


2'.»5>;i 


f.'N'^lH 


1,^I11<770 


5.5612973 


.0i).=>Sl3953 


173 


2;»i^'ll 


r.l 77717 


13.15-J.Mi;i 


5.5721 r>16 


.005730317 


in 


3i»-j:rt 


f»2iW»2| 


1 3. im »•.»«> 


6.5-«7702 


.005747126 


175 


:m',25 


R:IV,>:J:5 


i:i.2-.'-75r'rfi 


6.r.93l417 


.005714238 


i:r, 


3 i'.»;rt 


r> 151 7711 


I3.'.V^;i9i>2 


5.6«H07-7 


.005631818 


177 


3|:^Jll 


55l5,i3l 


I UiM13l7 


5.61 16724 


.005649718 


ir«< 


3ir.>i 


W l;»:.-.2 


rVMlf^,!! 


5.62.->2-2t',3 


.^»5617973 


IT'J 


:t-MU 


^>7^l\t:^,) 


I l.;<7AKs2 


5.G;v.:kts 


.005536592 


l-i) 


^•iii^^ 


r>-3^:-"»>v 


13 lir.liV9 


5.6 1621 fi2 


.00.5.!V)5556 


l>:i 


3j;»;i 


5:W7ll 


13.l\lj'.2|0 


5.6.VVi.ViS 
5.iVOr.ll 


.1^)5524362 




.V?/L'/ 


Af-ixV.-? 


\3.UM:.r« 


(KW-Vt 94505 


.vv/<:/ / 


0l'2^\<T 


I3.5*>::v.v.x 




/'/ / 


;/vn.v; / 


SJJXnil 


l3.Vi»iVv>'^ 


\ :v»^--"^v^ 






(^niiiit 


i:v.fiM\:*ti 


\ Tvr^.WA-n 


\ .«»CAvV:A<Ob 


f>|.3|N.V, 


wr'^-v-^x* 


\ r-.T.x--^': 


» ■ .»vx7<s;«aV 
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No. 

Is7 

1S9 

190 
191 
19-2 
193 
194 
195 
196 
197 
I9S 
199 

200 
201 
202 

2o:i 

201 
QOTi 
206 
207 
2rM 
209 

210 
211 
212 
213 
214 
215 
216 
217 
21 S 
219 

220 
221 
222 

U'44 
225 
220 
227 

22S 
229 

2;io 
2:{i 
2:12 

2:u 
2:r. 
2:«J 
2:}7 
2;w 
239 

210 
211 
212 
213 
214 
213 , 
j^/{9 / 

HIS I 



S(iuarv8. 

:M969 
:r»:M4 
35721 

36100 
36-}-*l 
36S64 
37249 
37636 
36025 
3S416 
3S609 
39204 
39601 

40000 
40401 
40d(>l 
41209 
4IG16 
42025 
42436 
42!>I9 
43261 
43G:>1 

41100 
41521 
44W4 
45;J6d 
45796 
46225 
46656 
47089 
4755^1 
47961 

4.-=$-100 
4S-^11 
4y^S4 
49729 
50 176 
50625 
51U76 
51529 
5l9,Hl 
S'^Ml 

52900 
5:i361 
53-^24 
542S9 
5-1756 
55225 
55696 
56169 
5G6I4 
57121 

67600 
58aSl 
6S564 
69049 
59536 
60025 

eoTfie 
eioou 

61504 



Cubes. 



6539203 
66-14672 
6751269 

6359000 
6967871 
7077888 
7189057 
7301 ;JS4 
7414875 
7529536 
7645373 
7762:192 
7880599 

8000000 
8120601 
8242408 
8365427 
&18966-I 
8615125 
8741816 
8^)9743 
899S912 
9129329 

9261000 

9.193931 

952.'<128 

9663697 

9i<Kj:«4 

99:W375 

10077696 

1021S313 

lo:j(>02:r2 

10503159 

1()61>000 
lOZiKi-^Gl 
10941 OH 
110>9567 

ir-^m24 

113iMX;25 
11513176 
n6i»7(KJ 
11S52:J52 
12<M)S9m9 

TilfuOfH) 
r^'«r)391 
121^716-^ 
l'^()19:«7 
12-^l2y<H 
129;7.'>75 
131112;"6 
i:ni2l»,".3 

i:n>i272 

13651919 

13>^1000 

13997521 

141721S8 

14;i-If^iK)7 

145267^4 

JI7(KU25 

J4S<69:i6 

ir>06Uii:i3 

15:f/Vam 



Square Rootit. 



13 6747943 
I3.71i;«»92 
13.7477271 

3.7ftl04R8 
3.82027ri0 
3.85&1065 
3.8924440 
3.9283883 
3.9642400 
4.00tXK)fX) 
4.0:^566S8 
4.(»712473 
4.1067360 

4.1421 s.-ie 
4.1774469 
4.2126701 
4.247S068 
4.2>i28569 
4.317JS211 
4.3527001 
4.38749-16 
4.4222051 
4.4566323 

4.4913767 
4.52.'>S390 
4.5602198 
4.5W5195 
4.6287388 
4.662^783 
4.6969385 
4.7309199 
4.761-5'2;il 

4.79S64i^6 

4.'5.323970 

4.<(50nr,s7 
4.S9966-11 

4.9:{:n-<-i5 

4.9666295 
.').0(XKH)00 
5.03.*J2961 
5.0(V);5192 
5.09966S9 
5.1327160 

5.1657509 
5.19-^6*^2 
5.231 '^162 
5.2613.J75 
5.2970.V5 
5.3297097 
5..3622915 
5.:j'.M-^0-13 
5.4-272 1M; 
5.4.VJ6218 

5.4919331 
5.5241747 
5.556:H92 
5.5.S)>1573 
5.62(hi994 
5.6r,2i7Ba 

1S,716233S 
15,7480187 



Cube Rootii. 



5.718'179l 
6.72^6543 
6.7387936 

6.7488971 
6.75^9652 
6.76.S9982 
6.:7S«W66 
6.7889604 
6.7988900 
6.8087867 
6.8186-179 
6.8284767 
6.^382725 

6.8480355 
6.8577660 
5.8674W3 
6.8771 ;J07 
5.8*^67653 
6.N963685 
6 9<k')9-106 
6.915-1SI7 
6.9tM992l 
5.9314721 

6.9-139220 
6.9533418 
6.9627320 
6.9720926 
6.9814240 
5.99072C4 
6.(HKNXK)0 
6.(KK)2.I50 
6.01M617 
6.0:^76502 

6.036S107 
6.045W:« 
6 05.5O-H9 
6.06.11 '270 
6 0731779 
6.0S'i'2O2() 
6.0911994 
6.IOOI702 
6.1091117 
6.11-03:J2 

6.1269257 
6.i:r.792.I 
6.M46:j:)7 
6.iri;}4495 
6.1622101 
6.1710058 
6.1797466 
6.1S<-I6ii^ 
6.197!M4 
6.20,V^218 

6.2Mir,r,0 
6.22:«M3 
6. "23 1 6797 
6.21(r2515 
6.'^1^7U9d 



Reciprocals. 



.005347.594 
.005,319149 
.0a5291006 

.005263158 
.005235602 
.00520^333 
.005181 :i47 
.0(»515-1639 
.0(»512.^'2(I5 
.005irr2(Ml 
.005076142 
.0050505(»5 
005025126 

.005000000 
.004975124 
.004950495 
.004926108 
.004901961 
.004878049 
.004854369 
.004830918 
.004807692 
.0047&16t9 

.004761905 
.004739336 
.004716981 
.004694836 
.004672897 
.004651 !«« 
.0046296:)0 
.00460^1i95 
.0Ol.''.S7156 
.004566210 

.001545455 
.fMil524>^.'^7 
.0O15'H5()5 
.00.14-1305 
.(HM4r.4-2-6 
.004444414 
.(KM424779 
.(H 144052^-6 
.0043>^5965 
.00-1366612 

.004347^;26 
.0O432')OO4 
.(Ki'1310315 
.0O4291S45 
.0(^273501 
.001255319 
.0(H2.372-^^ 
.00-1219-109 
.00-1201 6S I 

.004184 1 UO 

.00-1166067 
.fKH149;{7.S 

.0fMi:^22:n 
.oo-\\\5-2a& 



112 TAB1.£ XI. SC^IJAIIES, CUHE.S, SQUARE RHOlb, 



No. 

tiVJ 


S(itmn;.<i. 
62<».H 


Cubes. 


Square Uootd. 


Cube Uoota. 


BeeipioMto. 


1513*ilJ 


15.7797333 


6.2911916 


.004016061 


U',') 


fi2.')(»i) 


l.'i62."i(K).'J 


15.81 13S83 


6.2996053 


.001000000 


2-,| 


().'{( NM 


^'»;l:^25| 


15.8129795 


6.3079935 


.0039S<i0&l 


2'>\i 


<):r»iH 


16Kno(H 


1.5.8745079 


6.316:i596 


.0K»63254 


'Ay.i 


f>i'N»9 


16191277 


I5.9059r37 


6.3--M7033 


.003953669 


2-.1 


(M.-ilfi 


163-^7061 


15.9373775 


6.:»:J0256 


.0U39370(J8 


2o.-. 


«;.')( )A'» 


165-^1375 


15. 96-^71 9 4 


6.3413257 


.0(13921669 


2.V. 


rM.-,:wi 


16777216 


16.rK)')0000 


6.3196042 


.003906260 


2.-i; 


r/)iM9 


1 697 1593 


lemi'ivjr, 


6.357861 1 


.003891061 


2.'iS 


W.VJ1 


I7l7:r.l2 


16.^)023784 


6.:)66096S 


.003876969 


2.V.i 


G7IJSI 


17373979 


16.0931769 


6.3743111 


.0033610(» 


iiO') 


07r,rK) 


17576<KN) 


16.12^151.55 


6.3825043 


.003846151 


•201 


«S12I 


177795-^1 


16.1554914 


6.39 )6765 


.003831418 


)ini 


(•-Mill 


179^172^ 


16.1861141 


6.:J9S8279 


.0J38I6391 


2«;.j 


<;9h;9 


H19I 117 


16.217-2747 


6.4069.585 


.003802231 


2';i 


t\'.W.*(> 


1S3997I1 


16.21S0768 


6.41 50687 


.003787879 


itfi.-i 


7022.') 


186«)'.)625 


16.2788-206 


6.4-2:n583 


.00:)773585 


26l> 


7()7ri(j 


1S82I096 


16.:*)9.50(>1 


6.4312276 


.0037.'»38d 


2r,7 


712S9 


19)31103 


1 6. .340 1 3 16 


6.4.J92767 


.003745318 


*2r,S 


rH2i 


192HS32 


16.37070.-.5 


6.417.3057 


.00;J731343 


^fi'J 


723G1 


19 165 I 09 


16.1012195 


6.4553118 


.003717473 


270 


72900 


196-^3000 


16.4316767 


6.46.3.3011 


.0a3703704 


27 [ 


73 U I 


li)90251l 


16.4620776 


6.47127:16 


.(K)3C90037 


272 


739.S-1 


2012:mH 


1 6.492 122.-> 


6.47922:«i 


.(K):«76471 


273 


71.V29 


20316117 


16.. 52271 16 


6.1871511 


.00:)663004 


274 


75076 


20570.-^24 


16..5.V29151 


6.49.50(i.53 


.00:36-19635 


275 


75625 


20796S75 


16..583 12-10 


6..5(r29572 


.003636364 


27fi 


76176 


21021576 


16.6132477 


6.5ios:joo 


.003623188 


277 


76729 


21253933 


16.64:W170 


6.5186.s;}9 


.00:3610108 


27S 


772S4 


21 1S1952 


16.67.^«20 


6.. 52(55 1. S9 


.00.3-597122 


279 


77.S11 


21717639 


16.7032931 


0. .53 13351 


.003584229 


2-^0 


7.'<100 


21952000 


16.7.332005 


6.5121.326 


.00.3.571429 


2S| 


7S901 


221-^8011 


16.7630.516 


6..5I99I16 


.00:3.558719 


2Si 


795-2.t 


2-.M2576S 


16.792S.'')56 


6.55767-22 


.003516099 


2S:J 


rt<H»S9 


22665187 


16. 8-226' »38 


6. .565111.1 


.(K):353;3669 


2S1 


S06.">6 


22J)06304 


16.8522995 


6.5731 3S5 


.nm2l 127 


2S.-. 


H12ij 


2:ill9125 


16.8-^191.30 


6..5sOSn3 


.(K):35(«772 


2^S(i 


SI 796 


2.3.3r):{656 


16.9115315 


6.58853-Z-J 


.0:):*196503 


as7 


S2.J69 


23639903 


16.^110743 


6..5962'r23 


.U).3184321 


2>*S 


S2911 


2:H'^-^72 


16.970;3627 


6.603<vl5 


.00.3472222 


2S"J 


t<:r>2i 


21137569 


17.0000)00 


0.6111890 


.003160208 


29(» 


siino 


213^JO0O 


17.029.3-61 


6.6191060 


.003148276 


201 


S16S1 


2 16 121 71 


17.0.587221 


6.6267r»5.I 


.003136^126 


292 


85261 


21.S97()S8 


17.0880075 


6.6:3 1'2S74 


.00,'M246.->8 


29.J 


K5>M9 


25153757 


17.1172128 


6.6118.V22 


.00:M 12969 


29 1 


86436 


25112184 


17.14642.82 


6.619:»98 


.00.3401361 


2«r> 


H7025 


2.507^375 


17.1755610 


6.6.")69:«)2 


.O0:33^«W31 


290 


H7616 


2593i:]36 


17.2fM6.'j05 


6.6644437 


.00.3:378378 


297 


88209 


2619-8073 


17.2336879 


6 6719103 


.00:3:167003 


29S 


S-S-SUt 


2616a'i92 


17.26-26765 


6.6794-200 


.003355705 


299 


89101 


26730399 


17.2916165 


6.6S6S831 


.003314482 


3no 


90000 


27000000 


17. .320.508 1 


6.6»43295 


.00.13333a3 


31)1 


90601 


27270901 


17.319a516 


6.7017593 


.00.3322259 


•,¥U 


91201 


275-i;i60S 


17.37S1472 


6.709172J) 


.00:3311258 


3)3 


91809 


27818127 


17.406.S952 


6.7165700 


.003:«)0330 


:«ii 


92116 


28091161 


17.43.VJ95S 


6.7239508 


.00:3289474 


3f>r> 


93')A'i 


. 2S372«;i'; 


17.4frl2192 


6.7313155 


.00:3278639 


3()6 


9:«'>;m> 


286.52616 


17.4928557 


6.7:i^56641 


.(K)3267974 


3()7 


91219 


28931113 


17.52U1.5ri 


6.74.59967 


.003257329 


3()S 


91861 


29218112 


17.5499288 


6.75.^31M 


.0032^16753 






29503629 


17.67839fi8 


6.7606143 


.00.32:«246 


29791000 


17.60681GO 


6.7G7Aat)5 


I ,(K):322580G 



CUBE ROOTS, AND RECliMlOCALS. 
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No. 


Squares. 


311 


96721 


312 


97314 


313 


97969 


314 


98596 


315 


• 99225 


316 


99S56 


317 


ioaiS9 


3IS 


101124 


31U 


101761 


320 


102100 


321 


KKftMl 


322 


10.)6S1 


3iJ 


101329 


:m 


101976 


32r» 


10.5625 


32« 


106276 


327 


106929 


32S 


1075-^t 


32U 


10>S241 


330 


10S900 


aril 


109561 


332 


110221 


33:J 


1I08S9 


3;m 


111556 


3.3"! 


11-2225 


3:^6 


I12S96 


337 


lia569 


3.W 


1 14244 


3.39 


114921 


310 


115600 


311 


1162SI 


312 


116961 


313 


117619 


314 


lis:};36 


3ir) 


119!)2;5 


310 


119716 


317 


120109 


318 


1211(^4 


349 


121801 


350 


122500 


351 


12.J201 


332 


1239(a 


353 


124609 


3M 


125316 


a5r> 


126025 


356 


126736 


357 


127419 


STyS 


12S164 


359 


128881 


360 


129600 


361 


i:jfW2l 


362 


131(M4 


363 


131769 


361 


132196 




i:i3225 


366 


l.VVX^, 


367 


1316VJ 


36S 


1*>121 


369 


I3616I 



Cubes. 




Lieooo 



30080231 
30371328 
3(W&1297 
30959144 
31255875 
31554196 
31855013 
32157432 
32161759 

32768000 
3.3i)76161 
a3:iS624S 
3.3698267 
31012224 
3132SI25 
3161.5976 
3^9657^:J 
3.52'-7552 
356112^^ 

35937000 
36261691 
36594368 
36926<J37 
37-2:59701 
37595375 
379:0056 
382r2753 
3^614172 
38958219 

39301000 
39651321 
40iM)I68S 
403.5; J607 
407075S.1 

41063625 
414217.36 
417819-23 
421 14 192 
4*2.508519 

428750' K) 

4.3213.551 

4.3611208 

43U''6'.)77 

4i:«)lS6-l 

41738875 

451 1 SO 16 

45199293 

4r>88'27 12 

46268279 

466.56000 
47(M5Ssl 
4713792S 
47S:J2147 
4v2•^''511 
4-6-^7125 
4'J<rvi7-5l>6 
49i:if»-63 



Square Roots. 



7.6351921 
7.66;J5217 
7.6918060 
7.7-200151 
7.748239:J 
7.776388.S 
7.80449:W 
7.83-25545 
7.8605711 

7.88S5438 
7.9161729 
7.9443.584 
7.9722008 
8.0000000 
8.0-2775^1 
8.0rK>1701 
8.0'?314I3 
8. 1 107703 
8.1383571 

8.1659021 
8.1934054 
8.2208672 
8.JM 82876 
8.2756669 
8.3030052 
8.3.303(fc2S 
8.a575598 
8.3847763 
8.4119526 

8.4390889 
8.46618.53 
8.49.3*2420 
8.5202:592 
8.5172.370 
8..574 17:56 
8.6010752 
8.6279.360 
8. 6i^ 7.581 
8.6815117 

8.7082-69 
8.7319910 
8.76I66:i<» 
8.7.>y29-42 
8.8M8877 
8.84141.37 
8..S67962.3 
8.89414:i6 
8.9-208879 
8.9-172953 

8.97.36660 
9.f>0.')fKKK> 
9.0'262'>76 
;».0.5-2.55-I» 
9.07•^7■-10 
9.|O107:«i 

9.i:!ii'x6:i 
9 \:,r<fA\\ 

Udffr.'./Jy 



Oubo Roots. 



6.7751690 
6.782-12:^) 
6.7-J96613 
6.796.>«44 
6.8040921 
6.8112847 
6.818-16-20 
6.82.56242 
6.8327714 

6.a399037 
6.8-470213 
6.8.541240 
6.N612120 
6.8682855 
6.8753143 
6.8S23888 
6.889418-8 
6.896-KJ45 
6.9034359 

6.9101232 
6.9173964 
6.921.3556 
6.9313008 
6.9382321 
6.9451496 
6.9.5-20533 
6.9.5891:M 
6.9658198 
6,9726826 

6.979.5321 
6.986:«>81 
6.9931'M»6 
7.(K)0rKJ00 
7.f)067962 
7.0i;i579I 
7.0*2(KM9O 
7.(r2710r>8 
7.();i:H197 
7.010:5806 

7.017-2987 
7.0.5-I(KMl 
7.0f;06967 
7.0673767 
7.074(M40 
7.(Mir.9->:8 
7.(H7311I 
7.09.'J9709 
7.I0O.5H85 
7.1071937 

7.11.37-66 
7.|-.iO:j*;74 
7. 1 'ZlVt'.'f/) 
7. i:i;U925 
7,1 1'Krrt/'o 
7. 1 U'.:a;'.i', 
7 i'.'.Vf.tft] 
7 lyr^-iH 
7 lW»ti.57 
7.}7inV^ 

7 1 

7.m 

9 



Reciprocals. 



.003215434 
.003205128 
.0031948.88 
.0fW184713 
.(HKil 74603 
.(H)3161557 
.(K)31 54574 
.0031446,5-4 
.003134796 

.0a3125O(M) 
.(K)31 15265 
.003105.590 
.(KI309.5975 
.(K».3(»>6-l-2(» 
.00307692:1 
.0113067485 
.0O3O58l(rt 
.tKK*)4878«) 
.003039514 

.n0.3a303O3 
.003021 148 
.003012048 
.tX»3(M 13003 
.002994012 
.002985075 
.002976190 
.00-2967359 
.0029585W1 
.002949863 

.0029-41176 
.0029:J255I 
.(H)-29*2.3977 
.(K>29 1. 5-1:52 
.00'2<H)6977 
.0«l'2s*K551 
.002-'i>0173 
.002^-!18.l4 
.(K>287:{56:i 
.()02^65:W0 

.0')28;57I43 
.(Wr2^:49<K)3 
.fKr^MoiKty 
.0(r2>:{2-fil 
.(KniS21-.59 
.(Kr2'-I6901 
.(KI280^i-^y 

.(Kni'^)n-2o 

.00-279: V.i'.<6 
.(M)*27<)5I5 







,(K>-277777"! 
.orr^77fKi-;{ 

.fi«r</7.M yi 

JUT/? : )■/ T, 

(■fM7>l't1UCt 

V 



Ill TABLE XI. S-V*"*'?!-^, CUUE5, SQL'AUE ROOTS, 



u — 

I. No. 
i :r.; 

:i7'\ 
477 

.ir-j 

:j-7 
:*-»■< 
a -J 

3'J.> 

.'WG 
337 

3in) 

400 
401 
402 
'VKi 
401 
4(k'> 
406 
407 
40S 
409 

410 
411 
41-2 
413 
414 
4ir, 
4iri 
417 
4 IS 
41'J 

420 
421 
422 
4-2:t 
421 
42.1 
420 
427 
42S 
42U 



l-iir-. 



«:a> ■.•?. •? . iare Rx-t*. Cube Roou. i Becipxtxik. 




1 ;■:■>'• 

1 • ••■.;' 
1 ; ; ;:■'. 
liJii' 

HJoU 

1 { ; I »• 
ir>i»-.i 

1 } •>;-.» 
iiri-v, 
ii'-^r, 
1 i-:»>j 
1 i^roj 
i.'i'».-,n 

1.'>2S'jI 

l~,ti}<j 

l.'.''ol'3 
l.',7r/Kj 

ITjsI'H 

ir/io-'w 
i«'»-^n 

p;-^ioD 
ir,:«io 

101025 
lOKW 
1G5G19 
PI'ilGl 
1072^1 

IGslOO 

1GJ7U 
1 70r.G9 
17|.J<)G 
1722-2.'; 
IT.JTiO 
173SS9 
17 172 t 
17r,5Gl 

17GI00 
177211 
17Si)S4 
17^929 
179776 
1SI)625 
1SI47G 
182329 
1831.-^I 
181011 

1^1900 
ISTtTGl 



;•- 



.:i: 



-v^r.jj.ir.'i 
. 1 1 1 . 1 , I. 'j 

.'>l'iiiii.-,2 
oll-iJJiJ . 

r>.-vt*v>ii 

."iri-^.i'j's • 

.V3I-1-77 : 

.vx^:i'»i I 

r»7.'ii2i.v5 

:v 11 11172 i 



ri9:J19fW 

?;.»7r»;i7i 

G i:^:i';2-^S 

GllG.'J-l 
Gl64.»-57o 

C2.")7()773 
r>.3'U1792 
03-321199 

610!KI000 
niHI201 
G19<31^H 
C5l.'»i^27 
6.>9392e>l 
G613 )12o 
009-2.31 IG 
0711.013 
67917312 
OS 11 7929 

0-5021000 
09l2Gr>31 
0J9:)152S 
70111997 
7rr.).57914 
71173375 
7 1 99 1 290 
7^311713 
7:JO310:« 
7356(X).39 

740SS009 
71618461 
731514 tS 
750SG967 
7622.')024 
707G'»G2.") 
77:^H770 
7785 US3 
78102752 
7t>953589 

79;'i07000 

8f»062{)91 

8')62irir)S 

8II^27a7 

MI 7 IG501 



I 



ly.3i3A«ry 
l.t.X3,Mr96 
Jj:Wl.il07 

K*.:{l-'ri&| 

ly ii6i-rs 

19.44^^21 
li».467J223 

19.193.>^37 
19.5192213 
19.M4:CiiJ3 
19.5riLVi53 
lif..?.l.>9l79 
I9.ii2l4169 
19.W6>ri7 
19.Gr-23ir,6 
19.0977156 
19. 72:^7-29 

in.74>1177 
19.7737199 
19.79S9S99 
19.S212276 
19.>19n:« 
19.S7I0ri69 
19.^)974?7 
19.92K5-« 
I9.9li)9373 
19.9719i>14 

20.0000000 
20.0219^4 
20.04in):J77 
2rj.n7ls599 
2f). 09975 12 
20.1210113 
20.1191117 
20.1712410 
20.l{)9f)099 
20.2237481 

20.24^1.107 
20.2731319 
20.2977831 
20.3221014 
20.3109S99 
20. .37 154 88 
20.3900781 
20.4205779 
20.4450183 
20.4091895 

20.4939016 
20.51.82S^ir» 
20.542G3S6 
20.5009638 
20.5912003 
20.01.15281 
20,0397074 
20.0039783 
20.0881009 
20.712;U52 

20.73r>m4 
20.7*10097 

2n.8n8CvV20 

20.S32CiG0T 



7.19>4a3ll 

7.'21 12479 
7.21765^2 
7.2241^50 
7.23^263 
7.2367972 

7.2131563 
7.24950I5 
7.255S415 
7.2621675 
7.20<4824 
7.2747564 
7.28 107M 
7.2873617 
7.2936330 
7.299d936 

7.3061436 
7.3123S2S 
7.3186114 
7.324*495 
7.3310369 
7.33r2339 
7.34^1205 
7.3495966 
7.a->.>7624 
7.3619178 

7.3680630 
7.3741979 
7.3803227 
7. 3^64373 
7.392.M18 
7.39S6363 
7.4047206 
7.41079.50 
74168595 
7.4229142 

74289599 
743I993.S 
7.4410189 
7.44703-12 
7.4.5:i0399 
7.45903;j9 
7.4650223 
7.470999I 
7.4769664 
7.4329242 

7.4388724 
74913113 
75007406 
7.5066607 
7.5125715 
7.5184730 
7. .521.3652 
7.5.3024S2 
7.5361221 
7.5419367 

7.r>47A423 



.n02G«<N65 
Oi>2666GEr 

oi\xass:\ 

OQ26323D 
O02U53(B 
00263^ 

002631579 
0l)26216» 
a)26l7«l 
002610966 
0026^167 
002597403 
002590674 
002583979 
0025773» 
002570691 

OO2i)64l03 
Oi.)2357545 
00255109 
002544389 
002539071 
002531616 
002325253 
0025Id89S 
002512563 
002506266 

OO25O0Q00 
002493766 
002487363 
0024S1399 
002473843 
002469136 
002463051 
OO24570Q2 
002150930 
002444933 

OO24390ei 
002433090 
0(U1271S1 
002421303 
002415459 
0^)2409639 
002103^16 
0023980132 
002392314 
00238668S 

0023S095S 
002375897 
002369663 
002.364066 
002a58l9l 
002352911 
0023474U 
00234 lOX 
00233614S 
OO23310Qfi 

002325581 
.QKy232aiS( 



CUBE ROOTS, AM) KECIPROCALS. 
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Squares. 


Cubes. 


Square Koobi. 


! Cube Roots. 

c 


Reciprocals. 


I>iy22r> 


82312875 


20.8566536 


7.576;j.««9 


.(K)2298851 


i»j(M»yo 


828>1856 


20.8806130 


7.6IS2786;') 


.002293578 


190069 


83-1:3153 


20.9045-150 


7.5885793 


.0(r2286330 


iyKS-14 


8-1027672 


2(). 92^1495 


7.59436;J3 


.(Kr2283105 


192721 


846l>4519 


20.9623268 


7.6U)1385 


.002277904 


193600 


85184000 


20.9761770 


7.6069(«9 


.002272727 


194181 


a576612I 


21.0000000 


7.6116626 


.0(Ri2(57674 


19rKi6-l 


86350888 


21.0237960 


7.6174116 


.0(ri262443 


1%219 


8693S-J07 


21.0175652 


7.62.31619 


.CKF2257336 


197136 


8752'^3S.l 


21.0713075 


7.62rt«837 


.0022.522.52 


19<02o 


8SI21125 


21.0950231 


7.6:M6067 


.0(^2247191 


19-916 


8.8716536 


21.11.87121 


7.6-lo:{213 


.002^42152 


199609 


89314623 


21.142:J745 


7.6460272 


.002237136 


2(»0704 


89915:J92 


21.1660105 


7.6517*^17 


.(X)2232143 


201601 


90518849 


21.1896201 


7.6574138 


.002227171 


202.'K)0 


91125000 


21.2132034 


7.6630943 


.002222222 


2f)3'10I 


917a«51 


21.2.%7606 


7.6687666 


.(K)22 17296 


2m:m 


92a4r>408 


21.2602916 


7.6744303 


.002212389 


205209 


92959677 


21.2837967 


7.68(K«67 


.002207606 


206116 


93576664 


21.3072758 


7.6857328 


.002202643 


207025 


&4 I 96375 


21.3307290 


7.6913717 


.002197802 


207936 


94818.816 


2l.a'>41565 


7.697(K)23 


.002192982 


2(KS-19 


9r>14:R)93 


21.3775583 


7.7026246 


.0(r2I88184 


201*761 


96071912 


21.4009^16 


7.7082388 


.002183406 


2106.S1 


96702679 


21.4242863 


7.7138448 


.002178649 


211600 


97336000- 


21.4476106 


7.71 (M426 


.002173913 


212521 


97972181 


21.4709106 


7.7250325 


.002169197 


2i:«44 


9,8611128 


21. 4W 1853 


7.7306141 


.002164502 


211369 


99252847 


21.5174348 


7.7361877 


.002169827 


215296 


9a897344 


21.5406592 


7.7417532 


.002165172 


216225 


I00r>11625 


21.5638587 


7.7473109 


.002150538 


217156 


101191696 


21.5^70331 


7. 752^606 


.002145923 


2i80>9 


101M7563 


2I.610i^i28 


7.7584023 


.002141328 


219fi21 


io2r.o;«32 


2I.a^3.3077 


7.76;W36l 


.002136752 


219961 


103161709 


21.6564078 


7.7694620 


.002132196 


220900 


103^23000 


21.67948^4 


7.7749801 


.002127660 


221«^U 


101487111 


21.7025344 


7.7.8049C4 


.0(«r2:51.12 


222781 


105151048 


2l.725.'.610 


7.7859928 


.0021 18044 


223729 


10.582.3817 


21.7485632 


7.7914876 


.002114165 


224076 


106196124 


21.7715411 


7.79(59746 


.002109705 


225625 


1(>71 71^75 


21.7911947 


7.8(^^.1.538 


.fK)2105263 


226576 


107850176 


21.8174242 


7.80792,')4 


.002100840 


227529 


l(H53i:j:{3 


2l.«l().3297 


7. HI 33-^2 


.002()964:« 


22*^184 


109215:r.2 


21.8632111 


7.8IH^.56 


.0O2O92a5O \ 


229441 


1099022.39 


21.8860666 


7.8212942 


.002087683 


230100 


1 ia592O0O 


21.90^9023 


7.8297353 


.002083a33 


2:»361 


lH2-tl611 


21.9317122 


7835U5.88 


.002079rK12 


2.3^'r24 


1119.8016.8 


21.9544984 


7.^05949 


.(K)2074689 


2.3;V2S9 


11267><5'<7 


21.9772610 


7.^601:^4 


.002070393 


231256 


113,3799(V1 


22.000fXKK) 


7.8514244 


.002066116 


2:rj225 


1140.84125 


22.0227155 


7.a5(>828l 


.002061856 


236 UK) 


114791256 


22.01.54077 


7.8622212 


.002057613 


237169 


115501303 


22.06.80765 


7.86761 :W 


.002053388 


238144 


116214272 


22.0907220 


7.8729944 


.002049180 


239121 


116930169 


22.113^144 


7.8783684 


.0020^14990 


210100 


117619000 


22.135^136 


7.R837352 


.002040816 


241031 


11.S370771 


22.15.85198 


7.8S90946 


.WY^^^JWfc^ \ 


242064 


119095483 


22.1810730 


7.894446.S 


\ .oa2a3a?.*K^ ^ 


249Wff / 


JI9H23I57 


22.2036033 


7.8997917- 


\ .oo««83aa 


2/4030 / 


J 2f 1563784 


22.2261108 
22.24S59.'i5 
22.2710575 


7.90512M 


\ AvoanaA^v 


245025 1 
246016 1 


J212S737S 
122023936 / 


7.yioir>99 

7.9157832 
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Square.4. 



4i>7 
5'V) 

cm 

501 
50.1 

r.io 



518 
519 



516 



2l7.);u 
2Hi)ll 
21'J'W1 

2^,(^^:K) 
2r)io)i 
2.")-^f)r)l 
2o:«KK) 
25^1016 
2.V.02:-, 

2.")<>-»:}r» 
2r}7i)i'j 
2.".^k;i 

2.")'JiHl 

26010!) 
2f)M-JI 
262111 
26:) 161) 
2611<)B 
26"i2:iri 
266^'>6 
2<)72-"> 
26>:J-^1 
2G'j;j6l 

2701')0 
271111 
2721^1 
27.r>29 
274.-.76 
275625 
276676 
27772y 
27^7^4 
279^11 

2S19O0 
2SI961 
2S:{ m 
2s IfM) 
2'^.".ir)6 
2S62->5 
2-57296 
2-?S.'yJ9 
2-9 Ul 
29!).>2l 

291600 
2926S1 
293761 
29K19 
295936 
297(tt5 
29^116 
299209 
3iK):)01 
301 101 

3025')0 
30:)60l 
301701 

306916 
3fW2n 
309136 

snmto 

3H3(H 



Cubes. 



122763173 
I2'r>0.-i992 
121251199 

12.VKNNM)0 
I2.>7515<M 
1265060(W 
I2726:j527 
12S021061 
12S7«^7625 
129'm1216 
1.303i3S|3 
13l01>6r,12 
13M72229 

132651000 
i:«132S3I 
13121772-1 

135796711 
1.36590S75 

I3SHSI13 
1 3-^99 K32 
13979^359 

1 106r)SOTO 
111420761 
ll'22:WiH 
Il3055<ki7 
143S77.S2I 
1447031^5 
145531576 
116:}63K3 
I47J97952 
1 1?035>':^9 

1 1««77000 
l-;n72l2i)l 
1505fi-^76S 
1514 19 137 
15227.3:t(»l 
l5.3i;J0.375 
I53J)906.".6 
15^H51I53 
15572fH72 
15a.'»90Sl9 

157461(K)0 
15S31(U2l 
1 59221 )O.SS 
16U1(I3(K)7 
1W)9S9I.S1 
16I.S7S6-25 
16-277 1 a36 
16366732:j 
16ir)66592 
165169119 

166375000 
1672-! 11 51 
16S|<M>60S 
J691 12.377 
i7MW/46l 

173741112 



SquAru Iluntg. 


Cube Roots. 


22.293 I96S 


7.9210994 


22.31. 591 :)6 


7.92frlOJ5 


22.33S3079 


7.9317104 


22..'W0679S 


7.9370033 


22.3S:Jfr2JO 


7.&12293I 


22.4(r)3565 


7.917flrj9 


22.4276615 


7.952«77 


22.4^199143 


7.9581 144 


22.472aa';i 


7.9633743 


22.4914438 


7.9686271 


22.5l6660a 


7.9738731 


22.53S85.53 


7.9791122 


22.56102S3 


7.9813444 


2-2. .5.S3 1796 


7.989ri697 


22.6>.";:)09l 


7. 9947883 


22.6271170 


8.0000000 


22.6195033 


8.0052049 


22.67I.56S1 


8.0101032 


22.69:)6114 


8.01.5.'>946 


22.71.56;«1 


8.(W07791 


22.7376310 


a02.59.';74 


22.7596131 


8.(«I1287 


22.7815715 


8.0362933 


22.aar)03r> 


8.0114515 


2-2.8251214 


8.0166030 


22.^173193 


8.0517479 


22.'%919:W 


8.0.-)68862 


22.J59 10163 


8.06-20180 


2-2.912-^785 


8.0671432 


2-2.9:^6'^ 


8.0722620 


2-2.9,56 1-06 


8.0773743 


2-2.97S2iKl6 


8.0824300 


23.(KK)()000 


8.0875794 


23.0217-2^ 


8.0926723 


2.3.0131.372 


8.0977.589 


23.0651252 


8.1028390 


2-3.08'5792S 


8.1079128 


23.IO•^1400 


8.1129.803 


2:M:}fH)670 


8.1180414 


2:J.151673S 


8.1230962 


23.17:^2605 


8.1281447 


2:J. 191-270 


8.1331870 


2:J.2I 63735 


8.1382230 


23.2379001 


8.1432.529 


23.2.591067 


8.1482765 


2.3.28(H9:W 


8.1532939 


2:j..3(h2360-l 


8.1583051 


2:i.. •12.3^)76 


8.1633102 


23.315-2.3."il 


8.1683092 


2.3.;J666129 


8.1733020 


2:^:188031 1 


8.1782888 


2:i. 4093998 


8.13.32695 


23.1:J07490 


8.1332441 


23.4.7207^8 


8.1932127 


■23.47:j:JS92 


S.19S1753 


2.3.49 nH»2 


8.2<«I319 


2:).5 1.595-20 


«.2aS0.825 



23..'>372016 

2.?.r>.w.n8(> 
2:j..'>796.v.a 

2:J.60!»S47A 
23.G2202:56 






Redpiocik ■ 
.002012072 i| 

.00-imm '; 

.00200fiUl} * 

.002000000 

.001996W : 

.00I992rm I; 

.0OI98SQ72 * 

.00I9S4If 

.OOIQ-JOIW 

.00197®S3 

.OOl9723fe7 

.0019655:4 

.001961637 

.0019607?! 

.(KM 95691: 

.001953125 

.O0I94931S 

.00l94.v>i3 > 

.001941749 

.0019379^ 

.(NM931-2X 

.OOI93lL-||i:i 

.0019267*4 

.001923077 
.001919:^56 
.0U19157t« 
.001912916 
.001908397 
.001901762 
.001901141 
.001897533 
.00I89393J 
.001390339 

.0018^793 
.001883-239 
.00167969!) 
.(K)1876173 
.0018726.'i9 
.001869Ifi9 
.001865672 
.001862197 
.OOI&-)8736 
.0018552e« 

.001851853 
.001848129 
.00184o01H 
.001841621 
.00183823.1 
.001831882 
.001831502 
.001828154 
.001821818 
.001821491 

.001818198 
.0018I4f»2 
.001311591 
.001808318 
.001805054 



, AND KBGirBOCJtI.S. 






st^osy 



IQ41IM..JU 



XLentsm 
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TABLE XI. SQUAIU 


2S, CUBES, 


SQUARE R 


OOTS, 


' No. 


Squares. 


Cubes. 


Square Roots 


Cube Roots. 


Reciprocal*. 


621 


335611 


239433061 


24.9198716 


8.5316009 


.001610306 


622 


3S6S84 


210611843 


24.9399278 


8.5361780 


.001607717 


623 


3SS129 


241801367 


1^.9599679 


8.5407501 


.001605136 


6-24 


389376 


212970624 


24.9799920 


8.5453173 


.001602564 


625 


39J625 


244140625 


25.0000000 


8.5498797 


.001600000 


626 


391876 


215314376 


25.0199920 


8.6544372 


.001597444 


627 


393129 


216491883 


25.0399681 


8.5539899 


.001594896 


628 


394384 


5M7673152 


25.0599282 


8.5635377 


.001692357 


629 


395641 


248858189 


25.0798724 


8.5680807 


.001589325 


630 


396900 


250047000 


25.0998003 


8.5726189 


.001597302 


631 


39S161 


251239591 


25.1197134 


8.5771523 


.001584786 


632 


399124 


252135968 


25.1396102 


8.5816809 


.001582278 


633 


401)689 


2536:36137 


25.1594913 


8.5362047 


.001579779 


631 


401956 


254810104 


25.1793566 


8.5907238 


.001577287 


635 


403225 


256047875 


25.1992063 


8.5952330 


.001574803 


636 


401496 


257259456 


25.2190404 


8.5997476 


.001572327 


637 


405769 


2»8474853 


25.2388589 


8.6042525 


.0015i69359 


63S 


407014 


25969-4072 


25.2586619 


8.6037526 


.001567398 


639 


408321 


260917119 


25.2784493 


8.6132480 


.001564945 


640 


409600 


262144000 


25.2932213 


8.6177388 


.001562500 


641 


410381 


263374721 


25.3179778 


8.622-2248 


.001560062 


612 


412161 


264609233 


25.3377189 


8.6267063 


.001557632 


613 


413149 


265347707 


25.3574447 


8.6311830 


.001555210 


614 


414736 


267089981 


25.3771551 


8.6356551 


.001652795 


615 


416025 


263336125 


25.3963502 


8.61012-26 


.001550388 


616 


417316 


269536136 


25.4165301 


8.6445855 


.001547988 


617 


418609 


270840023 


25.4361947 


8.6490437 


.001545596 


643 


419904 


272097792 


25.4558441 


8.6534974 


.001543210 


649 


421201 


273359449 


25.4754784 


8.6579465 


.001540832 


650 


42-2500 


274625000 


25.4950976 


8.6623911 


.001538462 


651 


4-23801 


275394451 


25.5147016 


8.6668310 


.001536098 


652 


425104 


277167803 


25.5342907 


8.6712665 


.001533742 


653 


426109 


278445077 


25.5538647 


8.6756974 


.001531394 


65f 


4-27716 


279726264 


25.5734237 


8.6801237 


.001529052 


655 


4-29025 


231011375 


25.5929678 


8.6845456 


.001526718 


636 


430336 


282300116 


26.6124969 


8.6889630 


.001524390 


657 


431619 


283593393 


25.6320112 


8.6933759 


.001522070 


658 


432961 


284890312 


25.6515107 


8.6977843 


.001519767 


659 


431231 


236191179 


25.6709953 


8.7021382 


.001517461 


660 


435600 


237496000 


25.6904652 


8.7065377 


.001515152 


661 


436921 


233304781 


25.7099203 


8.71098-27 


.001512859 


662 


438241 


290117528 


26.7293607 


8.7153734 


.001510574 


663 


439.369 


291434247 


26.7487864 


8.7197596 


.001503296 


661 


440396 


29275494* 


25.7631975 


8.7241414 


.001506024 


605 


412225 


294079625 


25.7875939 


8.7235187 


.001503769 


666 


443^556 


295408296 


25.8069758 


8.7328918 


.001501502 


667 


441899 


296740963 


25.8263431 


8.7372604 


.001499250 


66S 


446224 


293077632 


25.8456960 


8.7416246 


.001497006 


669 


447561 


299418309 


25.8650343 


8.7459846 


.001494768 


670 


443900 


300763000 


25.8843532 


8.7503401 


.001492637 


671 


450241 


302111711 


25.9036677 


8.7546913 


.001490313 


672 


451584 


303464448 


25.9229628 


8.7590383 


.001488095 


673 


452929 


304321217 


25.9422435 


8.7633309 


.001485884 


674 


451276 


306182024 


25.9615100 


8.7677192 


.001483680 


675 


4556-2;5 


307M6875 


25.9807621 


8.7720532 


.001481481 


676 


456976 


308915776 


26.0000000 


8.776.3330 


.001479290 


677 


4583-29 


310288733 


26.0192237 


8.78070S4 


.001477105 


673 


459634 


311665752 


26.0384331 


8.7850296 


.001474926 


679 


461041 


313046339 


26.0576234 


8.7893166 


.001472754 


/ dso) 


463761 / 
46-,12i I 


314132000 


26.0763096 


8.7936593 


.001470588 


/^V 


315821241 


26.0959767 


8.7979673 


.001463129 


6S2 1 


317214563 


26.11512^7 


\ 8.«aa7*i\ 


\ .WiW'e^rrT^ 



GtIII£ BOOTS, AND RECIPROCALS. 



ae.ss735ii 

Se.3«4S933 






373)1 wno 



I^ubcUooti. Ralpnxali. 






.«llMfi(W7 
!Mll-13-<*t9 



!iini4i2i:aj 



150 TABLE XI SQUAKES, CUBES, SQUARE ROOTS, 



No. 


Squares. 


Cubes. 


Square Roots. 


Cube Roots. 


Radpneak. 


! 745 


555025 


4i349lUV25 


27.2946381 


9.0653677 


.0013122S 


746 


556516 


415160936 


27.31 :«)006 


9.0694220 


.00131(M!Q 


747 


558009 


4 1 683272;} 


27..33i:W07 


9.07^1728 


.0013%«» 


, 7H 


5595(H 


418.70^-91^^ 


27.319.Vis7 


9.0775197 


.00I336>« 


, 749 


561001 


420189749 


27.3678644 


9.0815631 


.001335113 


7.-10 


562.-100 


42IS750(K) 


27.3861279 


9.0856030 


.001333133 


7.">I 


561001 


4-2;J5frl751 


27.41 H:J792 


9.0896392 


.001331558 


752 


565501 


4-25259iK)8 


27.4226184 


9.0936719 


.001329787 


7.-,;} 


567(K)0 


426957777 


27.410-+155 


9.f)9770lO 


.001328021 


; 751 


56>1516 


42S66106( 


27.4.VJ0604 


9.1017265 


.00132B2GO 




570)25 


430368375 


27.477-2633 


9.1U67485 


.0OI3215U3 


7r>6 


57ir^J6 


432081216 


27.4951512 


9.1097669 


.001322751 


757 


573)49 


4.3:}r9.8093 


27.51.36.130 


9.1137818 


.001321004 


75.S 


574r)64 


435519512 


27..53I799S 


9.1177931 


.001319^1 


759 


C760S1 


437:^15179 


27.5199546 


9.1218010 


.0013178Z3 


7r^ 


577600 


43^976000 


27.56S0975 


9.12.58053 


.001315789 


761 


5791 21 


44071 lOSI 


27. .5-6-^281 


9.1298061 


.OO13140B0 


762 


580614 


4I21.'i072S 


27.6 M3475 


9.13:^8034 


.001312336 


76:J 


5S2169 


411191917 


27.6-2215-16 


9.1377971 


.001310611 


761 


58-3696 


41.VJ13744 


27.610.'>499 


9.1417874 


.OO130S901 


765 


5852^1 


417697125 


27.6586.331 


9.145774-2 


.001307190 


766 


586756 


419t5.'i(»9r, 


27.6767050 


9.1497576 


.OOl3064<) 


767 


588289 


4512l76fi3 


27.6917618 


9.153rj75 


.OOI3037S1 


76S 


5S9S21 


452981832 


27.7l2S12y 


9.1577139 


.0013021^3 


76'J 


591361 


451756609 


27.730S492 


9.1616869 


.001300390 


770 


592900 


4.-»6533000 


27.7488739 


9.16,-)6565 


.0012^701 


771 


591111 


4.-»><3140I I 


27.7668868 


9.1696225 


.OOI297U17 


772 


595981 


460099618 


27.7818880 


9.17a-ia'S2 


.001296337 


773 


597629 


46I8S9917 


27.80-28775 


9.1775445 


.001293661 


774 


599076 


46.3684824 


27.8208556 


9.1815003 


.001291990 


775 


6(K)625 


465181.375 


27.838-^218 


9.1854527 


.001290323 


776 


602176 


467-28S;-i76 


27.8567766 


9.1891018 


.001288660 


777 


6(i:{729 


469')97433 


27.8747197 


9.l9.^3^74 


.001237601 


77S 


6052-^1 


4709If)9.?2 


27.8926514 


9.1972397 


.001285347 


779 


61)6811 


472729139 


27.9105715 


9.2012286 


.001283697 


7S0 


60^100 


4745.'5200a 


27.9-284801 


9.2051641 


.001282(61 


7.SI 


600961 


476379541 


27.9163772 


9.2090962 


.001230410 


7S2 


611524 


47-<2 11768 


27.05 i2629 


9.21302.50 


.001278772 


783 


61.3089 


48(M>4"^S7 


27.9821372 


9.2169505 


.001277139 


7<l 


61 1656 


48I-90.304 


23.(K)';00(X) 


9.2208726 


.001275610 


785 


6162'25 


4837:J66-25 


28.0178515 


92247914 


.001273835 


736 


617796 


4S55S7656 


28.0:C.69I5 


9.2237068 


.001272263 


787 


619369 


48744:M03 


28.053.')203 


9.2326189 


.001270648 


78S 


620914 


4S93)3S72 


28.071X377 


9.2365-277 


.001269036 


7{59 


622.V21 


491169069 


28.0891438 


9.2104333 


.001267427 


790 


621100 


493139000 


28.1069386 


9.^43355 


.O0I266S23 


791 


62.">6SI 


41M9 1.3671 


28.12472-22 


9.2482344 


.001261223 


792 


627264 


49679.30S8 


28. 1424U16 


9.2.->2l300 


.001262626 


793 


62"^S19 


49S6772.17 


28.1602.557 


9.2.')60224 


.001261034 


791 


630136 


50!).'')661.84 


28.178f)056 


9.2599114 


.001259446 


795 


632')-2.j 


50^159875 


28.1957444 


9.2637973 


.001257862 


796 


633616 


601.35sa36 


28.2131720 


9.2676798 


.001256281 


797 


6:r>>09 


506261573 


28.2311884 


9.2715592 


.001254703 


79^ 


6.36SJ)4 


508169592 


28.2188938 


9.2754a'32 


.00125313^ 


799 


63^401 


51008-2399 


28.2665831 


9.27930S1 


.001251564 


800 


640000 


512000000 


28.2342712 


9.2331777 


.001260000 


/ ^01 


611601 


51392-i4f)l 


23.3019-131 


9.2370440 


.001248439 


802 


6iJ2(H ] 


51.5849608 


28.3\96045 


9.2909072 


.001246383 


803 


6i4309 \ 


i5 1 7781 627 


28.'d372ry\^ 


\ ^.*2aV7Sl\ 


, .001246330 


8f)i 


OiGilG / 


fiI97lS46t 


28.'i.->\S93^ 


\ ^.*Ki^'i?a 


\ JWSWKR^ 


an 


6t-in2.i \ 


r>2l660l2;"i 


28.37'i:V2\0 


\ vj.'Jivi.v'n^ 


\ .^VlXfiCf 


806 1 


6VJG36 1 


/i2.36L)nGlG 


2=i.39tU^J 


V \ VVA\6,Vn; 


i \ iC»VlM« 



CUDE ROOTS, AND SECIP&OCALS. 



5rai70«M 

SSISISIUS 



nami 



Ba;i077i07 

6iir.i9.V3e 



9.321 G97S 



9.39IOi06 
9:401 Gffitl 
9"4li«OT 



S.4d;G19i 

9!4ai!)ia3 

»A9XUt 
9.6013078 



I 1 JHWV 



152 TABLE XI. SQUARES, CUBES, SQUARE ROOTS, 



No. 


Squafes. 


Cubes. 


Square Roots. 


Cube Roots. 


Reciprocals 


869 


755161 


656234909 


29.4788059 


.9.&427437 


.001160748 


870 


756900 


6.').%03000 


29.4957624 


9.5464027 


.001149425 


871 


75.'^ 1 


660776311 


29.5127091 


9.5500589 


.001148106 


872 


760384 


663054848 


29.5296461 


9.5537123 


.0011467S9 


873 


762129 


665;«8617 


29.5465734 


9.5573630 


.001145475 


874 


763876 


667627624 


29.5634910 


9.5610108 


.001144166 


875 


765625 


669921876 


29.5803989 


9.5646559 


.001 142857 


876 


767376 


672221376 


29.6972972 


9.568298S 


.001141653 


877 


769129 


674526133 


29.6141858 


9.6719377 


.001140251 


878 


770884 


676836162 


29.631 0&J8 


9.5766746 


.001138952 


879 


772641 


679151439 


29.fr479342 


9.5792066 


.001137656 


880 


774400 


631472000 


29.6647939 


9.5828397 


.0011363&4 


881 


776161 


683797841 


29.6316442 


9.5864682 


.001135074 


882 


777924 


686128968 


29.6984848 


9.5900939 


.001133787 


883 


779689 


638465387 


29.7153159 


9.5937169 


.001132603 


8^ 


781456 


69OS07104 


29.7321376 


9.5973373 


.001131222 


885 


783225 


693154125 


29.7489496 


9.6009548 


.001129944 


8S6 


784996 


695506456 


29.7657521 


9.6045696 


.001128668 


887 


786769 


697864103 


29.7825452 


9.6081817 


.001127396 


838 


788544 


700227072 


29.799:1239 


9.6117911 


.001126126 


889 


790321 


702595369 


29.8161030 


9.6153977 


.001124859 


890 


792100 


704969000 


29.8323678 


9.6190017 


.001123596 


891 


793881 


707;M7971 


29.&49623I 


9.6226030 


.001122334 


892 


795664 


709732288 


29.8663690 


9.6262016 


.001121076 


893 


797449 


712121957 


29.8831056 


9.6297976 


.00lll9ft21 


894 


799236 


714516984 


29.8998328 


9.6333907 


.001118668 


895 


801025 


716917376 


29.9165506 


9.6369812 


.001117318 


896 


802816 


719323136 


29.9332591 


9.6405690 


.001116071 


897 


801609 


721734273 


29.9-199583 


9.6441542 


.001114827 


898 


80&104 


724150792 


29.9666481 


9.6477367 


.001113686 


899 


808201 


726572699 


29.9833287 


9.6513166 


.001112347 


900 


810000 


729000000 


30.0000000 


9.6548938 


.001111111 


901 


811801 


731432701 


30.0166620 


9.6584634 


.001109878 


902 


813604 


733370^08 


30.0333148 


9.662fM03 


.001108647 


903 


8IM09 


73r>3 14327 


30.0199584 


9.6656096 


.001107420 


904 


817216 


753763264 


30.066.5928 


9.6691762 


.001106195 


905 


819025 


741217625 , 


30.0832179 


9.6727403 


.001104972 


906 


820S,36 


743677416 


30.0998339 


9.6763017 


.001103763 


907 


822619 


746142643 


30.1164407 


9.6798604 


.001102536 


908 


aJ1464 


743613312 


30.1330383 


9.6334166 


.001101322 


909 


826281 


751089429 


30.1496269 


9.6869701 


.001100110 


910 


828100 


75a571000 


30.1662063 


9.6905211 


.001098901 


911 


829921 


756058031 


30.1827765 


9.6940694 


.001097696 


912 


831744 


75355a528 


30.1993377 


9.6976151 


.001096491 


913 


833569 


761048497 


30.2158899 


9.701 1583 


.001095290 


914 


a35396 


763551 M4 


30.2321329 


9.7046989 


.001094092 


915 


837225 


766f)60876 


30.2439669 


9.7082369 


.001092896 


916 


a39056 


76.3575296 


30.265-1919 


9.7117723 


.001091703 


917 


8403S9 


771095213 


30.2820079 


9.7153061 


.001090613 


918 


842724 


773620632 


30.2985148 


9.7188354 


.001089325 


919 


844561 


776151559 


30.3150128 


9.7223631 


.001088139 


920 


846400 


778688000 


30.3315013 


9.7258883 


.001086957 


921 


&48241 


781229961 


30.3479318 


9.7294109 


.001085776 


922 


&'50084 


783777443 


30.3644529 


9.7329309 


.001084699 


923 


851929 


786330467 


30.3309151 


9.73&1484 


.001083423 


924 


853776 


788889024 


30.3973683 


9.7399634 


.001082251 


925 


855625 


791453125 


30.4138127 


9.7434758 


.001061081 


926 


857476 


794022776 


30.4302481 


9.7469857 


.001079914 


927 


859329 


796597S83 


30.4166747 


9.7504930 


.001078749 


/ 923) 
929 
930 1 


861184 


799178752 


30.4630924 


9.7539979 


.001077686 


snvjoo ' 


801765089 


30.4795013 


9.7575002 


.001076426 


804357000 


30.49590\4 


\ 9.7G\0CK\V 


.001076269 



CUBE ROOTS, AND RECIPROCALS. 
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No. 


Squares. 


Cubes. 


S;[uare Roots. 


Cube Roots. 


Reciprocali. 




931 


8G6761 


8069.54191 


30.5122926 


9.7644974 


.001074114 




932 


8G S(;24 


809557563 


30.5236750 


9.7679922 


.(K)107296l 




933 


870439 


812166237 


30.51:50437 


9.7714345 


.00107181 1 




9ai 


872:356 


814780504 


30.5614136 


9.7749743 


.001070664 




935 


874225 


817400375 


30.5777697 


9.7734616 


.001069519 




936 


876U96 


820(fc25366 


30.5941171 


9.7329466 


.001063376 




937 


877969 


822656953 


30.6104557 


9.7854238 


.001067236 




933 


879344 


825293672 


30.6267357 


9.7389037 


.001066093 




939 


881721 


827936019 


30.6431069 


9.7923361 


.0010fr4963 




910 


883600 


830534000 


30.6594194 


9.7953611 


.001063830 




941 


835481 


8332.37621 


30.6757233 


9.79933:36 


.001062699 




942 


8S7364 


835396388 


30.6920185 


9.802-3036 


.001061571 




913 


839249 


838561307 


30.7033051 


9.8062711 


.001060145 




914 


891136 


84 12:12:334 


30.7215330 


9.8097362 


.001059322 




915 


893025 


81390S625 


30.740^S523 


9.3131989 


.0fU053-201 




946 


894916 


&16590.536 


30.7571130 


9.3166591 


.001057082 




917 


896309 


819273123 


30.773:i651 


9.3201169 


.001055966 




913 


893704 


851971392 


30.7890f>86 


9.8235723 


.00l0i>4852 




949 


9J0601 


854670349 


30.8053436 


9.8270252 


.001053741 




950 


902500 


857375000 


30.8221700 


9.8304757 


.0010.52632 




951 


904401 


860035351 


30.8332379 


9.33:392:38 


.001051525 




952 


9063,>4 


862801403 


30.8514972 


9.8373695 


.0010504-20 




953 


903209 


865523177 


30.8706981 


9.3403127 


.001019318 




954 


910116 


863250664 


30.8863904 


9.8442536 


.001048218 




955 


912025 


8709S3875 


30.9030743 


9.3176920 


.001047120 




956 


913936 


873722316 


30.9192197 


9.8511230 


.001046025 




957 


915849 


876467493 


30.93.54166 


9.3545617 


.001044932 




958 


917764 


879217912 


30.9515751 


9.8579929 


.001043341 




959 


919631 


831974079 


30.9677251 


9.3614218 


.001042753 




960 


921600 


8S4736000 


30.933^663 


9.8643433 


.001011667 




961 


92a521 


8375036S1 


31. 00( )()()( K) 


9.3GS2721 


.001010533 




962 


925441 


890277123 


31.0IG1213 


9.3716941 


.ooioimoi 




963 


9273G9 


893056317 


31.0322113 


9.3751135 


.001t).{3l22 




9GI 


929296 


895341344 


31.0H.3491 


9.S78.-.:i05 


.00IO;{7311 




9G5 


9312-25 


893632125 


31.0611191 


9. 3S 19151 


.0010:r)2G9 




9G6 


933156 


901423G96 


31.03)5105 


9.3S5:3574 


.0010:35197 




9)7 


93.3039 


S04231063 


3I.0%G2:}G 


9. -^^37673 


.0010:341-26 




9GS 


937024 


907():392:J2 


3 1.11 26' HI 


9.S<)2I749 


.OOlO.T3'r)S 




969 


933961 


909353209 


31.12S7613 


9.S9.3.5301 


.001031992 




970 


910900 


91267.3000 


31.n4S2:J0 


9.39=^9n30 


.0010:30923 




971 


W-2341 


91549S611 


31.16!)S729 


9.9f)2;W3;5 


.001029-^66 




972 


9447.34 


918330043 


31.17G'.)M5 


9.9057817 


.0()10-23S07 




973 


916729 


9211 073 17 


31.1929179 


9.9091776 


.0010-27749 




974 


913676 


921010424 


31.20S9731 


9.9125712 


.0010-2GG91 




975 


950625 


926S59:J75 


31 .22 19900 


9.9159G24 


.0010-25641 




976 


952576 


929714176 


3l.2l(t99>!7 


9.9193513 


.001021590 




977 


954529 


9325743.33 


31.2.5G9992 


9.9-^27379 


.00I0^3r>ll 




973 


95G434 


9:3.5441.352 


31.2729915 


9.9-261222 


.00102-2495 




979 


953441 


938313739 


31.2SSU757 


9.9-295042 


.001021450 




930 


960400 


911102000 


31.3019517 


9.93-233.39 


.0010-20103 




931 


9G2361 


94107G141 


31.3209195 


9.9:M')-2GI3 


.001019:363 




932 


9G1324 


91Gor)Gl63 


31.:i;JGS792 


9.9396:363 


.001 01 8.3:50 




93:3 


9GG2S9 


919MG2()37 


31.aV23:30S 


9.94:3(K»92 


.001017-291 




9<4 


9632.5G 


95276:i904 


31.36S7743 


9.916.3797 


.001016-260 




935 


970225 


95.'')G71G25 


31.3317097 


9.9497479 


.00101.V22S 




9^6 


972196 


9535^5256 


31.4006:369 


9.9531133 


.001014199 




937 


974169 


961504303 


31.4165561 


9.9561775 


.00101317V 


\ 


933 


976144 


961130272 


31.4324673 


9.9593^339 


.O0\O\'i\'\S \\ 


939 


973121 


967361669 j 


3L4i3370i 


9.9631981 


.O0V0\VV22 V 


ff90 1 
991 / 
99:^ 1 


9S0100 


970290000 / 


3l.4(ii26rA 


o.neGn.fvio 


1 .on\o\mo\ ^ 


9-^2/1^1 
9S10&i ' 


973242271 \ 
976191 US I 


3l.4miry25 
3L49G0315 I 


9.9699095 
9.9732G19 


1 .oav^^O^>0^^i 



iS4 



TABLE VIII. PROPERTIES OF MATERIALS. 



Materials. 



Metals. 
Pt^ cvi^, .... 
Otppe.", cast, . . . 

" rtUcd, . . 

*' rii«-^rawn, . 

QoH, 

Iron, cast. 
Canon No. 2, cold blast, 

" ■* liot 

Devon No. 5, cold 

" •* hot 
Buffery No. 1, ci UC 

" " hoi 
Iron, wrough.'., 
English ba^, 
Welsh " 
Swedish " 



u 
u 



u 



C( 



I^ancaster s^o., ^ 
Tennessee 
Missouri 
Iron wire, 
English, aHi n 
PhiUipsb'g, Ta. • 



M 






IBS" 



Lead, cast, .... 
T^ead wim, .... 
Blercury, .... 

Platina, 

Silver, 

Steel, s^ft, . . . . 

" razor-tBn;pop*<v, 

Tin, caet, .... 

Zinc, fused, .... 

rolled, . . . 



ti 



Ash, English, ... 

Birch, English, . 

" Amcriora, . . . 
Box, 

Cedar, Canadian, . . 

(/hestnut, .... 

Deal, (Hirlstiania mit' i' 
" Mcmel " 

" Norway Spruce, 
" English, . . . 

Elm. seasoned, . . 

>'Jr, IVew England, . , 

'' /f/^, . . . 
^laljoffaDjr, Spankb, 



Specific 
Gravity. 



8.399 

8.607 

8.864 P. 

8.878 
19.268 Ha. 
19.361 lia 

7.066 n. 
7.046 H. 
7.295 U. 
7.229 H. 
7.079 II. 
6.998 H. 

7.700 



7.478 P. 
7.740 F. 
7.805 F. 
7.722 F. 



7.727 P. 



11446M. 
1.M?17 
J 3.588 W. 
I.TSOGHa. 
22.669 Ila. 
10 474 Hi» 

7.780 

7.840 

7.291 . 

70501^. 

r.540W 



Weight 

per 

Cubic 

Foot 

in lbs. 



.760 B 

.792 B. 

.648 B. 

.960 B. 

909 C. 

.6r,7 Rfl 
.693 B. 
.590 B. 
.340 
.470 
.553 B 
.563 B. 




Tensile 

Strength 

per Square 

Inch in lbs. 



524.94 
637.94 
554.00 
654.87 
1203.62 
1210.06 

441.62 
440.37 
455.94 
451^1 
442.44 
437.37 

481.25 



467.37 
4S3.75 

4S7.81 
482 62 



482.94 



715.37 
707.31 
849.87 
.'218.75 
1116.81 
65-1.62 
48C.25 
490..T0 
454 63 
14nj9. 

4/1 2^ 



1796S R. 
19072 
32326 P. 
61228 



16683 II. 
13505 II. 

21907 II. 
17466 H. 

57120 L. 
61960 T. 
W960T. 
58184 F. 
5S66I F. 
52099 F. 
47909 P. 

80214 T. 
84186 F. 
738^8 F. 
89162 P. 

1824 R. 

25S1 M. 



40902 M. 
123000 

ir-oooo 

0322 M. 



47.60' '.TQOR. 



4«.5o; 

4n.50> 
60.00! 



.•W.Ho 



200<JG» 

11400 B^. 

13300 R<v 
12400 

17600 
7000 
13 189 M. 

\\800M. 
, \6500 



Crushing 
Force per 

Square 
Inch 

in lbs. 



106.375 II. 
108540 U. 

14.5435 n. 
933S6 H. 
86397 U. 

56000? G. 



r86«3II.) 

{9363 II. 
(.329711. 
1640211. 
11 663 II. 
9771 II. 



Modului 

of Rup« 

tare S 

in lbs. 



37C03II. 
36288 n. 
43497 IL 
37503 IL 
35316 IL 

54000 Q. 



12156 B 

10920 B. 
9624 B. 



9S64B. 
10386 B. 



10331 I* ( ff'»78 B. 
fHl2B. 
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Materialf. 



Woods. 
Oak, English, .... 

'* Canadian, . . . 

Pine, pitch, . . ■ . : 

T&GI| • • • • 

" American, white, 
« " Southern 



Poplar, 
Teak, . 



Other Materials. 

Brick, red, 

" pale red, . . • 

Chalk, 

Coal, Penn. anthracite, . 

" " fiemi-bitominous, 

" Md. " 

" Penn. bituminous, . 

" Ohio " 

" English " 
Earth, 

loamy hard-stamped, fresh, 
" " dry, 

garden, fresh, . 
" dry, . 

dry, poor, . . 
Ohiss, plate, . , 
Gravel, .... 
Gmnito, Aberdeen, 
Ivory, .... 



Limestone, . . . 

Marble, white Italian, 
" black Galway, 
Masonry, quarry stone, drv, 
" sandstone, " 



u 



brick, dry. 



/ 



Hopes, 
hemp, under 1 inch diam., 
'^ from 1 to 3 in. " 
" over 3 inches " 

Sand, river, 

Sandstone, | 

" Dundee, .... 
" Derby, red and friable, 

Slate, Welsh, 

Scotch, .... 



4( 



Specific 
Qrarity. 



.931 B. 
.872 B. 

.660 B. 

.657 B. 

.455 Br. 
.872 Br. 

.333 M. 

.745 B. 



2.1 6SR. 
2.0% R. 
2.784 
1.869 
1.327 Ta. 
1.700 Ta, 
1.453 Ta. 
1.552 Ta. 
1.312 Ta, 
1.270 Ta. 
1.259 Ta. 

2.060 TV. 
l.9:» W. 
2.05 ) W. 
1.630 W. 
1.340 W. 
2.453 
1.920 
2.625 R. 
1.826 
2.400 W. 
2.S60 W. 
2.638 H. 
2.695 H. 
2.400 W. 
2.050 W. 
1.470 W. 
1.590 W. 



1.8S6 
1.900 TV. 
2.700 W. 
2.530 R. 
2.316 R. 
2.883 



Weight 

per 
Cubic 

Foot 
in lbs. 



58.37 
54.50 
41.25 

41.06 

28.44 
64.50 

23.94 

46.56 



135.50 

130.31 

174.00 

116.81 

82.94 

106.25 

90.81 

97.00 

82.00 

79.37 

78.69 

12S.7{, 
120.62 
129.12 
101.87 
83.75 
153.31 
120.00 
164.06 
114.12 
150.00 
178.75 
164.87 
168.44 
150.00 
128.12 
91.87 
99.37 



117.87 
118.75 
16S.75 
158.12 
144.75 
180.50 



Tensile 

Strength 

per Square 

Inch in lbs. 



10000 B. 
10253 
7818 M. 



7200 Be. 
15000 B. 



280 
300 



9420 
16626 



92S0 W. 
7218 W. 
5156 W. 



12300 
9600 



Crushing 
Force per 

Square 
inch. 

inlbe. 



(6484 H.) 

{l0O58H( 

J4231H. 

(5982H. 

(6790H. 

i6790H. 

f 5395 H. 

i7518H. 



f3107H. 

{5124H. 

12101 U. 



808 R. 
562 R. 

501 R. 



10914 R. 

1500 W. 

6000 W. 
9583 0. 



1400 W. 

13000 W. 

6630 R. 

3142 R. 



Modulus 

of Rdp- 

ture <Sr 

in lbs. 



10032 B. 

10596 B. 

9792 B. 

8046 B. 

7829 Br. 
13987 Br. 

14772 B. 



310 W. 

180 W. 



700 W. 
1700 W. 
1062 
26frl 



6on w. 

800 W 



w 
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TABLE XII. LOGARITIIxMS OF NUMBERS. 



No. 

4GU 
1 
2 
3 
4 
5 
6 
7 
8 
9 

470 
1 
2 
3 
4 
5 
6 
7 
8 
9 

480 
I 
2 
3 
4 
5 
6 
7 
8 
9 

190 
1 
2 
3 
4 
f) 
6 
7 
8 
9 

50(1 
1 



J) 

66275S 
3701 
4G12 
5581 
6r)l8 
7453 
8386 
9317 

67024G 
1173 

672098 
3021 
3912 
4S6I 
5778 
6691 
7607 
8518 
942S 

680336 

681241 
2145 
3017 
3917 
4815 
5742 
6(;.«i 
7529 
8420 
9309 

690196 
lOSl 
1965 
2S47 
3727 
4605 
5482 
6356 
7229 
8101 

698970 
9S3S 
2 700701 
3 
4 



I56S 
2131 
3291 
4151 
5(K)8 
5>I61 
6718 



510 707570 
11 8121 
2 9270 



3 
4 
5 
6 

7 
8 
9i 



710117 
0963 
1807 
2650 
3191 
43:«) 
5)67, 



1 

662^2 
3795 
47.36 
5675 
6612 
7&46 
8479 
9410 

670339 
1265 

672190 
3113 

4o;m 

4953 
5870 
6785 
7698 
8609 
9519 
6S0126 

681332 
2-235 
3137 
4037 
4935 
6831 
6726 
7618 
S509 
9398 

6902S5 
1170 
2053 
2935 
3815 
4693 
5569 
6444 
7317 
8188 

699057 
9924 

700790 
1654 
2517 
3377 
4236 
5094 
5949 
6803 

707655 
8^506 
9355 

710202 
1W8 
1392 
27U 
3575 
4414 
5251 



662947 
3889 
4830 
6769 
6705 
7640 
8572 
9503 

670431 
1358 

672283 
3205 
4126 
5045 
6962 
6-76 
7789 
8700 
9610 

630517 

681422 
2326 
3227 
4127 
5025 
5921 
6815 
7707 
8598 
9486 

690373 
1258 
2142 
»J23 
3903 
4781 
5657 
6531 
7404 
8275 

699144 
700011 
0877 
1741 
2603 
3163 
4322 
5179 
6035 
6888 

707740 
8591 
9440 

7105W7 
1132 
1976 
2'»18 
3659 
449; 
5335 




663(M1 
398;} 
4924 
5862 
6799 
7733 
8665 
9:96 

670524 
1451 

672375 
3297 
4218 
5137 
6053 
69&8 
7881 
8791 
9700 

680607 

681513 
2416 
3317 
4217 
5114 
6010 
6901 
7796 
8687 
9576 

690462 
1347 
2230 
3111 
3991 
4868 
5744 
6618 
7491 
8362 



663135 

4078 
6018 
5956 
6892 
7826 
8759 
9689 
670617 
1543 

672-467 
3390 
4310 
5228 
6145 
7059 
7972 
8882 
9791 

680698 

681603 
2506 
ai07 
4307 
5204 
6100 
6994 
7886 
8776 
9664 

690550 
1435 
2318 
3199 

4078 
4956 
5832 
6706 
7578 
8449 



699231 699317 

700098 700184 

0963 1050 



1827 
2689 
^5^19 
4408 



1913 
2775 
3635 
4494 
5265; 6350 
6120 6206 
6974 7059 



707826 
8676 
9524 

710:J71 
1217 
2(160 
2902 
3742 
45S1 
5118 



707911 
8761 
9609 

710156 
1301 
2144 
2986 
3S26 
4665 
5502 



5 



663230 
4172 
5112 
6050 
6986 
7920 
8852 
9782 

670710 
1636 

672560 
'Mt$i. 
4402 
5320 
6236 
7151 
8063 
8973 
9882 

680789 

681693 
2596 
3497 
4396 
5294 
6189 
7083 
7975 
8865 
9753 

690639 
1524 
2406 
3-287 
4166 

. 5044 
5919 
6793 
7665 
8535 

699404 
70(»-271 
1136 
1999 
2861 
3721 
4579 
6436 
6291 
7144 



6 



663324 
4266 
5206 
6143 
7079 
8013 
8945 
9875 

670802 
1728 

672652 
3574 
4494 
6412 
6328 
7242 
8154 
9064 
9973 

680879 

681784 
2686 
3587 
4486 
6383 
6279 
7172 
8064 
8953 
9841 

690728 
1612 
2494 
3375 
4254 
5131 
6007 
6S80 
7752 
8622 

699191 
700358 
1222 
2086 
2947 
3807 
4665 
6522 
6376 
7229 



707996 708081 
8346 8931 
9694 9779 

71tt'>40 710625 
1385 1470 



2-229 
3070 
3910 
4749 
5586 

5 



2313 
3154 
3994 

5669 



663418 
4360 
5299 
6237 
7173 
3106 
9038 
9967 

670895 
1821 

672744 
3666 
4586 
6503 
6419 
7333 
8245 
9155 

680063 
0970 

681874 
2777 
3677 
4576 
6473 
6368 
7261 
8153 
9042 
9930 

690816 
1700 
25S3 
3463 
4342 
5219 
6094 
696S 
7839 
8709 

699578 
700144 
1309 
2172 
3033 
3893 
4751 
5607 
6462 
7315 

708166 
9015 
9863 

710710 
1554 
2397 
3238 
4078 
4916 
6753 



8 

663512 
4454 
5393 
6331 
7266 
8199 
9131 

670060 
0988 
1913 

672836 
3758 
4677 
6595 
6511 
7424 
8336 
9246 

680154 
1060 

681964 
2867 
3767 
4666 
5563 
6458 
7351 
8242 
9131 

690019 

690905 
1789 
2671 
3551 
4430 
5307 
6182 
7055 
7926 
8796 

699664 
700531 
1395 
2258 
3119 
3979 
4837 
5693 
6547 
7400 

70S25I 

i 9100 

9948 

710794 

1639 

2481 

3323 

i 4162 

1 5000 

i 5836 



il 


Diff. ) 

9^1 


663607 


4548 


94 


5487 


&1 


6424 


94 


7360 


94 


8293 


93 


9224 


93 


670153 


93 


1080 


93 


2C»05 


93 


672929 


92 


3850 


92 


4769 


92 


6687 


92 


6602 


92 


7516 


91 


8427 


91 


9337 


91 


680245 


91 


1151 


91 


682055 


90 


2957 


90 


3857 


90 


4756 


90 


6652 


90 


6547 


89 


7440 


89 


8331 


89 


9220 


69 


690107 


89 


690993 


' 89 


1877 


88 


2759 


88 


3639 


88 


4517 


88 


5394 


88 


6269 


87 


7142 


87 


8014 


87 


8883 


87 


699751 


87 


700617 


87 


1482 


86 


2^14 


86 


3-205 


86 


4065 


86 


4922 


86 


5778 


86 


6682 


a^ 


7486 


85 


7asa36 


85 


9185 


85 


71(X)33 


85 


0879 


85 


1723 


84 


2566 


84 


310/ 


ai 


4246 


84 


5084 


81 


59-20 


84 
Biff. 


\ 
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No. 





1 


520 716003 


716087 


I 


6S3-J 


6921 


2 


7671 


77M 


3 


8502 


8585 


4 


9:331 


9414 


5 720159 


720242 


6 


0986 


1063 


7 


1811 


1893 


8 


2634 


2716 


9 


M56 


353^ 


530 724276 


724353 


1 


5095 


5176 


2 


5912 


5993 


3 


6727 


6309 


4 


7541 


7623 


5 


8:K4 


8435 


6 


9163 


9246 


7 


9974 


730055 


8 


730782 


0363 


9 


1589 


1669 


510 


732394 


732474 


1 


3197 


3278 


2 


3999 


4079 


3 


4S00 


4380 


4 


5599 


6679 


5 


6:»7 


647^ 


6 


7193 


7272 


7 


7937 


8067 


8 


8781 


8860 


9 


9572 


9651 


550,f40363 


740442 


1 


1152 


1230 


2 


1939 


2018 


3 


272;-! 


2304 


4 


3510 


. 35SS 


5 


4-293 


4371 


6 


5075 


6153 


7 


5So5 


6933 


8 


6(531 


6712 


y 


7412 


7489 


:.60 


7431 SS 


743266 


1 


8963 


9010 


2 


97:iP> 


9811 


3 


75a>0.S 


750586 


4 


1279 


1.356 


5 


20 W 


2125 


6 


2316 


239.3 


7 


a->33 


3660 


8 


4343 


4125 


9 


5112 


6189 


570 


755375 


755951 


I 


66.36 


6712 


2 


7396 


7472 


3 


8ir>5 


8-230 


4 


8912 


8938 


5 


966S 


9743 





76;W22 


760493 


7 


1176 


1251 


8 


192S 


2(K)3 


9 


2679 


2764 


No. 





1 



a 



716170 
7004 
7837 
866,3 
9497 

720325 
1151 
1975 
2793 
362) 

724440 
5253 
6075 
6390 
7704 
8516 
9.327 

730136 
0944 
1750 

732555 
3353 
4160 
4900 
6759 
6556 
7352 
8146 
8939 
9731 

740521 
1309 
2096 
2332 
3667 
4449 
6-231 
6011 
6790 
7567 

743313 
9118 
9391 

750663 
143:i 
2-^02 
2970 
3736 
4.501 
6265 

756027 
6783 
75-18 
8:)06 
9063 
9319 

76'>573 
1.3-26 
2078 
2^-29 



716-264 
7088 
79-20 
8751 
9530 

720407 
1233 
2058 
2881 
3702 

724522 
5340 
6(56 
6972 
7785 
8597 
9403 

730217 
10^ 
1830 

732635 
34,33 
4240 
6040 
6833 
6635 
7431 
8225 
9018 
9310 

740600 
1388 
2175 
2961 
3745 
4.523 
5309 
6039 
6-!6S 
7645 

743421 
9195 
9963 

750740 
1510 
2279 
3047 
3813 
4578 
6341 

756103 
6364 

7624 
8382 
9139 
9394 
760649 
14{^2 
21.53 
2901 



716:«7 
7171 
8003 
8834 
9663 

720490 
1316 
2140 
2963 
3784 

724604 
&422 
6233 
7053 
7866 
8678 
9489 

730293 
1105 
1911 

732715 

3518 
4320 
612(J 
6918 
6715 
751 1 
8305 
9097 
9839 

740678 
1467 
2254 
30.39 
332.3 
4606 
5.337 
6167 
6945 
7722 

748493 
9272 

750045 
0817 
1587 
2356 
3123 
3339 
4654 
6417 

766180 
6910 
7700 
84.58 
9214 
9970 

760724 
1477 
222^ 
2')78 



5 


6 ' 


716121 


7I6r>04 


7264 


73a3 


8036 


8169 


8917 


9000 


9745 


9828 


720573 


720655 


1398 


1431 


2222 


2305 


3045 


3127 


3866 


3948 


724685 


724767 


6503 


5585 


6320 


6401 


71»4 


7216 


7948 


8029 


8759 


8841 


9670 


9651 


730378 


730459 


1186 


1266 


1991 


2072 


732796 


732876 


3593 


3679 


4400 


4480 


6200 


5279 


6998 


6078 


6795 


6374 


7590 


7670 


8334 


8463 


9177 


9-256 


9968 


740047 


740767 


740836 


1&16 


1624 


2332 


2411 


3118 


3196 


3902 


3930 


. 4684 


4762 


5465 


5543 


6245 


6323 


7()-23 


7101 


7800 


7878 


748576 


748653 


9350 


01-27 


750123 


750200 


0894 


0971 


1661 


1741 


2i33 


2.509 


3-200 


3277 


3966 


4042 


4730 


4807 


6494 


6570 


756256 


756332 
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4.1")} 4101 4S1- 

4S2.') 4-72 4919 

52'.K) 5313 r>.390 

.576() .5s 13 5-6) 

623(5 (52-3 6-329 

6705 6752 67'ft) 

7173 7220 7267 

7612 76-< 77.35 

8109, 6156 6203 



4307 i 

477S 

.52 19 

.5719 

61-9 

6(55S 

7127 

7595 

8062 



96S.5.3f ) 96-^57(5 96S623 
.S99I5 ««)t3; 9090 
9163' 9."i09 9.V)6 



5222 
6715 
6207 
6698 
7 1 89 
7679 
8168 
8657 
9146 

949634 
950121 

oe-H 

1095 
15S0 
2066 
2550 
3031 
3518 
4001 

9514A1 
4966 
5417 
692S 
6109 
6<Ss 
736S 
7.-+17 
8325 
8803 

9592=^0 

9757 
96(»2.3.3 
0709 
11^1 
16.5S 
2132 
2('>o6 
.'*)79 
3.V)2 



I « 

941779 
5272 
5761 
6256 
6747 
7238 
772S 
8217 
8706 
9195 

919683 
95<M70 
0657 
114: 
16-29 
2111 
2.599 
3(KJ 
:i566 
4019 

9515,32 
5014 
5195 
597(5 
6157 
69.36 
7416 
7.S91 
8373 
8850 

9593-2S 
9-(M 

960-2-0 
07.V5 
1*231 
1706 
2is() 

'26.'..3 
31-26 
o."»99 



961021 961071 
4 19."> 45 12 
4««;»5 
5137 



5907 
637(5 
6-1.-. 
731 1 
77-2 
8219 



96^670 96^716 
91-^3 
96 19 



.5013 
5-l.<l 
.59.51 
61-23 
6-^92 
7.T>1 
7-29 
629(5 



_7 

914n'2S 
5321 
6-<13 
6.305 
6796 
7287 
7777 
8266 
8755 
9244 

949731 
95(»219 
0706 
1192 
1677 
2I('>3 
2647 
3131 
3615 
4098 

95-1.580 
5062 
5.54.3 
60-24 
6505 
69S4 
7461 
7912 
8421 
8898 

9.59375 
9-52 

960.'J2s 
OS(M 
1-279 
1753 
2227 
2701 
3171 
3616 

%1118 
4.'.90 
.5061 



.5531 
6001 
6170 
6939 
740^ 
7-7.-. 
b343 



91.36 



96=^7(53 96-^^10 



9229| 
9695 



927(5 
9712 



992S 9ii7.-> 971 )( "2 1 97i "06- 970 1 1 1 97( 1 1 (5 1 97( r2( )7 



1-276 
1740 
2203 
2666 



1322 
1766 
2249 
2712 



1369 
H32 
2295 
2758 



01-6 
0951 
1415 
1879 
2312 
2^01 



o.5:i:i 
0997 
1461 
1925 
2:»d 
2851 

4 I 




0626, 



0672 

1 !•»» 



944S77 
6370 
B^'Z 
63r>4 
6845 
7:«6 
7S26 
8315 
8^M 
9292 

9497S0 
950267 
0751 
1240 
17-26 
2211 
269(5 
31-^» 
366.3 
4146 

95462« 
6110 
6592 
6072 
655.3 
70.T2 
7512 
7990 
846S 
8946 

95^12.3 
990)1 
960376 

osrii 

1.3-2(5 
WM 
2275 
274- 
3-221 
369.3 

961165 
46;i7 

eio^i 

657.S 
604.< 
6.-»17 
69-(5 
74.''>l 
7922 
6390 

96-^Str)6 
9.32.3 
97-9 

970-251 
0719 
118,3 
1647 

41tO 



•\ 



911927 
5419 
6912 
6-l(».3 
6S94 
73S5 
7875 
8361 
8S53 
9311 

9198-29 
9.'>03!6 
(HI.3 
1-289 
1775 
2-260 
2744 
3-22- 
3711 
4191 

9.54677 
6!.5»^ 
6640 
6120 
6601 
7(i80 
7559 
803^ 
8516 
8991 

9.';917! 

;>iU7 

9601-23 
0-99 
1374 
ISW 
2.322 
279.' 
.3-2G> 
3741 

1)61212 
4(V-1 
51.55 
5(5-^'■) 
6')<)5 
6.->61 
70.3:5 
7.-.OI 
79(V.) 
61.3(5 

96S903 
9.36'.) 
9-3.-. 

oro.-JO') 

(i:().v 

r22.( 
1693 
2157 
2619 



-49' 

49 
49 
49 
49 
49 
49 
49 
49 
49 

49 

49 
49 
49 
49 
4-^ 
4-^ 
48 
4.S 
48 

4S 
4-s 
4S 
4-^ 

4S 
48 

4S 
48 

4^ 
4- 
4- 
4- 
4- 
47 
47 
47 
47 
47 

47 
47 
47 
47 

47 
47 > 
4: 
47 
47^ 
47 

47 I 
47' 
47 
■17 
A*''- 
16. 
4(5; 
46; 



« VWSL. 



170 



TABLE Xll. LOflARlTIIWS OF NUMBEKS. 



iM- 
1 

'A 
•1 



o 



» I :i 



li-^'Jl.J^ t\-^'3%*^A fl'^-JhlkVi (»■* 



4.') 1 2 



'jr)() 977721 



t»;:JI71 
'1()'j7 

4r>cs 

5-1 7.N 
f>i>M7 

7:n2 



<j7:{22ri 

414:j 
46(M 

G142 
CNM) 
73i> 



y;:i-^rj<> y7;{:ii;{ 



977709 977S I :> 



Sisi 
Hf);{7 

9."i|^ 



S22G 



^■272 
S72s 
9I<I 

96:u>' 



;C2n 


:i77i 


4I>9 


42:ir» 


4(w»() 


4(5% 


r>iiM 


f>ir-6 


,Vi7(l 


.V)H; 


0)29 


f»(i7:> 


&4.•v•^ 


f>i"i:« 


(;9ir» 


69ii2 


71(« 


7419 


977^61 


977900 


s:ji7 


k«>:j 


h77-l 


SNIJ) 


92;{<» 


927:1 


«h;<> 


97:«i 



T) 9^lKHi:{ 9>(J<H9 9"-<uH»4 9-«<fllOi9<(»l<.') 
T) (M.>! (!.'.'«, ().")4W. O.V>l' (KJId 
7 (>912 <K»r»7i HliK'J KH^I l(»9:i 

^ i:{fir. jiir iir.<; i.-.di ir»i7 

l-^IU 1>G1 19091 19.V1 2U(K) 



9f50 
I 
2 

4 
5 
G 

/ 

9 



9S2271 9S2:no 
272:r 2:gi» 
:<i7r.l 

4077 



4527 
4977 

r»i2f; 
r»s7r) 

G321 



:r^2<t 
:«;7i 

4122 
4r)72 

r)<i22 
r)-i7i 

5920 
C369 



97(1 9^772 9SG<^17 



1 


7219 


72fil 


2 


7ri<5G 


7711 


:i 


Hll.J 


8i:)7 


4 


{<.')r.9 


Hji)\ 




9(M»r, 


9(«9 


6 


9ir)(» 


9191 


•* 
t 


9s<j:) 


99:19 



^ 99<»:j:j9 99(i;^m 

9: 07-%! 0627 



9^') 
1 
2 
3 
4 
T) 
G 
/ 
H 

' 9, 

I i 
i i 

2 
3 
4 

5 

G; 
7: 
^^ 
V/ 



i)9122G 
1G(;9 
2111 
2.">1 
2U9.") 

3^77 
4317 
47r)7 
519G 



991270 
1713 

2\m 

2r.9S 
3039 

:n.so' 

3<r21 
43G1 
4^0I 

5210 



{K)."f,:r. •j9r)G79 

(•')71i Gil 7 
0.-.I2 



73-f) 



9 1:5 1 



G993 
7J:}0 
7-G7 
K{«)3 
S739 
9174 
'fftin) 



9'^"2:jfi2 
2>i|J 
3:dG.*) 
37 IG 
41G7 
4017 
5(>67 
5510 
596.") 
&113 

9>ft^I 
7309 

7756 
S'2f»2 
S&H 
9094 
9539 
99S3 
99012s 
Ob71 

991315 
175S 
22f.iO 
2642 
30S3 
a')21 
3965 
44a-) 
4*^15 
52<1 

995723. 
0101 1 
059«> 
7037 
7171 
79in 
S;M7 
87>2 
921s 



9'?2in7 
2<.")9 
331(1 
3702 
4212 
40<i2 
5112 
5r.fi 1 
G'iKJ 
G15S 

9S0906 

7;iri.3 

7.-^N» 
8217 
bG93 
91 3S 
95^^3 
9IKKJ2S 
0472 
0910 

99ia"»9 
1HI2 
2211 
26-6 
3127 
35()S 

4(NI9 
4419 
4s'-» 
632S 

995707 
021 >5 
t)r>43 
7(H0 

4>}\ I 

7951 
N3iX» 
b.s26 
9201 
IW90 



9.^2452 
29(M 

3:j.'G 

3-»07 
4257 
4707 
5157 
50(K> 
()(»55 
G5U3 

9^6951 
7;J9n 
7v--15 
^21il 
^737 
91N3 
962S 

99(N)72 
0510 
096() 

991403 

]>4G 
22SS 

273(» 
3172 
.%I3 
405;i 
4493 
493.3 
5372 

995-5 M 
0219 
0()S7 
7124 
75G1 
799N 
^S}34 
s^i9 
9:* 15 
9739 



a/ O I 



a I 3 \ 4t 



97;i;j59 
3-20 

42s 1 
4742 
5202 
5GG2 
612! 
6579 
7(W7 
7495 

977952 
8409 
8^05 
9321 
9776 

9S(r2;Jl 
0(>N> 
1139 
15y2 
2015 

982497 
2V)-19 

aioi 

3-^52 
4.'i02 
4752 
5202 

5a-. 1 

OKXI 
654> 

9SOi>JJ(5 
7443 
7MHI 

^7.s2 
9227 
9672 
990117 
UrAH 
KKM 

99144s 
1>9(| 

2774 
3210 
305 7 
4097 
4537 
4977 
5410 

995-51 
0293 
G731 
71GS 
7G(>5 
»MI 
8477 
8913 

9;ms 

97^3 



_0 

97:il05 
»-(JG 
4327 

47S8 

fiJMS 
5707 
6167 
6625 
70S3 
7541 

97799fi 
t^l54 
M)ll 
9:iG6 
9r<2| 

9S(W76 
(»730 
lIS-l 
1(J37 
2090 

982543 

HI 40 
3-^97 
4:M7 



4797 
5217 
569(J 
6144 
()593 

9>57(MO 
74SS 

79:n 

Kts| 
hS26 
i»272 
9717 
990161 
0605 
1019 

1*91492 
I9:{5 
2:177 
2S19 
:^260 
3701 
4141 
45SI 
5021 
5460 

995-^JS 
03.37 
6774 
7212 
704S 
SOSo 
K')2I 
S956 
iC{92 



_ 7 _ 

973451 
:)9I3 
4374 
4^31 
5294 
57r>3 
G2I2 
C671 
7129 
7oti6 

978ai3 
85(N»| 
MJ56! 
9412 
9-67 

9Hn22 
07761 
1229 
16•^3 
2135 

9S258« 
3040 

;rm2 

43;*2 
4^il2 
5292 
5741 
6I>9 
G()37 

9S70V, 
7532 
7979 
8-125 
H-71 
9316 
9761 

990206 
(Xi50 
1093 

991536 
1979 
2421 
2S63 
3:)04 
3745 
4185 
4625 
506.3 
6501 



Din 



97;i497 
3959 
4420; 

5310 

fi7J>9 

625.S! 

6717- 

7175! 



97:)54J 

4<ti5' 
4466 
4926; 

5f^5' 
63(4, 
67631 
T22ii! 



7632, 767 



i 



995942 
03^0 
6818 
7255 
7692 
8129 
8561 
iNKNl 
9135 
9.*«7{» 



978089 
8r>16 

oiirw 

9457 
9912 
9S<«r.7 
(»>-21 
1275 
17'^s 

2181 

98203:3 
31185 
3ri:U) 
3y.S7 
4437 
4hi87 
i53;i7 
5780 
6'^34 
6G82 

987130 
7f>77 
Hia-l 
8470 
8916 
9,361 
9806 

990250 
0694 
1137 

991580 
2023 
2465 
29(»7 
3:M8 
3789 
4229 
4GG9 
5108 
6547 



, 9.Sd0i 9.S70 



9959^6 
(>424 
6802 
7299 
7730 
8172 

9013 
9179 
9913 



978 I S5 
8591 
9<M7 
95(;G 
9'.»5s 

9>-(M12 

o^c: 
l.32r) 

1773 

2-2iiCJ 

9826781 

3';^rj 

3581 

4o:^il 

44.-^ 

4932 

f>:«82 

6279 
6727 

9871751 

7622| 
800^. 

8614 

8960 

9i.!5; 

9rio(l 
990294 

urss 



Vy 

I** 
\^ 
1»= 
1"^ 
if 
4^ 

4f 

4*i 
ii; 
46 
¥. 
15 
■15 
4M 
1.1! 
45 i 
I 

r. 
45 
4.'. 

li 

45: 

4r.j 
111 
45.! 

45: 

a 

4n 

45 

45: 

44 

44. 

41> 

44 




TABLE XIII. 



LOGARITHMIC SINES, COSINES, TANGENTS. 



AND 



COT.INGENTS, 



TABLE XIII. LOGARITHMIC SINES, 



1790 



Sine. 



Inf. neg. 

.764766 
.9i0&i7 
7.0657S6 
.16-^96 
.241877 
.308824 
.366SI6 
.417968 

7.163726 
.505118 
.542iKi6 
.67766S 
.609353 
.639SI6 
.667845 
.694173 
.718997 
.742478 

7.764754 
.785943 
.806146 
.825451 
.843934 
.861662 
.878695 
.895035 
.910879 
.926119 

7.94aS42 
.955082 
.968870 
.932233 
.995198 

8.007787 
.020021 
.031919 
.043501 
.054781 

8.065776 
.076500 
.086965 
.097183 
.107167 
.110926 
.126471 
.135810 
.144953 
.153907 

8.162631 
.171230 
.179713 
.137935 
.196102 
.204070 
.211895 
.219531 
.227134 
.2^4557 

.2il85o 



D. 1 . 



5017.17 

2934.85 

20.32.31 

1615.17 

1319.69 

1115.78 

966.53 

852.54 

762.62 

639.88 
629.81 
579.37 
536.41 
499.38 
467.14 
438.81 
413.72 
391.35 
371.27 

353.15 
336.72 
321.75 
303.05 
295.47 
283.88 
273.17 
263.23 
253.99 
245.38 

237.33 
229.80 
222.73 
216.08 
209.81 
203.90 
198.31 
193.02 
183.01 
183.25 

178.72 
174.42 
170.31 
106.39 
162.65 
159.08 
165.66 
152.33 
149.24 
146.22 

143.33 
140.54 
137.86 
135.29 
132.80 
130.41 
128.10 
125.87 
123.72 
121.64 



Cosine. 



D. 1' . I Tang. 



Cosine. 



I D. in. I 



0.000000 
.OOOfXX) 
.000000 
.000000 
.000000 
.000000 

9.999999 
.999999 
.999999 
.999999 

9.999998 
.999998 
.999997 
.999997 
.999996 
.999996 
.999995 
.999995 
.999994 
.999993 

9.999993 
.999992 
.999991 
.999990 
.999989 
.999989 
.999988 
.999987 
.999986 
.999985 

9.999983 
.999982 
.999931 
.999980 
.999979 
.999977 
.999976 
.999975 
.999973 
.999972 

9.999971 
.999969 
.999963 
.999966 
.999964 
.999963 
.999961 
.999959 
.999958 
.999956 

9.999954 
.999952 
.999950 
.999948 
.999946 
.999944 
.9991M2 
.999940 
.999933 
.999936 
.999934 



Sine. 



.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.01 
.01 

.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 
.01 

.01 
.01 

.01 
.01 
.02 
.02 
.02 
.02 
.02 
.02 

.02 
.02 
.02 
.02 
.02 
.02 
.ir2 
.02 
.02 
.02 

.02 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 
.03 

.03 
.03 
.03 
.03 
.03 
.03 
.03 
.04 
.W 
.04 



Inf. neg. 

6.463726 
.764766 
.940847 

7.065786 
.162696 
.241878 
.308825 
.366817 
.417970 

7.463727 
.605120 
.542909 
.677672 
.609867 
.639620 
.687849 
.694179 
.719003 
.742484 

7.764761 
.785951 
.806155 
.825460 
.843944 
.861674 
.878708 
.895099 
.910394 
.926134 

7.940858 
.955100 
.963889 
.982253 
.995219 

8.007809 
.020044 
.031945 
.043527 
.054809 

8.065306 
.07653- 
.(»S6997 
.097217 
.107203 
.116963 
.126510 
.135851 
.144996 
.153952 

8.162727 
.171323 
.1797C3 
.188036 
.196156 
.204126 
.211953 
.219641 
.227195 
.234621 
.241921 



D. ]". 



J>.V.\ Cotanft. 



5017.17 

2934.85 

2082.31 

1615.17 

1319.69 

1116.78 

966.64 

862.66 

762.63 

689.88 
629.81 
679.37 
536.42 
499.39 
467.16 
438.82 
413.73 
391.36 
371.28 

353.16 
336.73 
321.76 
303.07 
295.49 
283.90 
273.18 
263.25 
254.01 
245.40 

237.35 
229.82 
222.75 
216.10 
209.83 
203.92 
198.33 
193.05 
188.03 
183.27 

178.75 
174.44 
170.34 
106.42 
162.68 
159.11 
155.69 
15241 
149.27 
146.25 

143.36 
140.57 
137.90 
135.32 
132.S4 
130.44 
123.14 
125.91 
123.76 
121.68 



Cotang. 



\ D.V*. \ Twv? 



Infinite. 

3.536274 
.235244 
.059153 

2.934214 
.837304 
.768122 
.691175 
.633183 
.582030 

2.536273 
.494880 
.457091 
.422328 
.390143 
.360180 
.332151 
.305821 
.280997 
.257516 

2.235239 
.214049 
.193845 
.174540 
.156056 
.133326 
.121292 
.104901 
.089106 
.073866 

2.059142 
.044900 
.031111 
.017747 
.004781 

1.992191 
.979966 
.968055 
.956473 
.945191 

1.934194 
.923469 
.913003 
.902783 
.892797 
.a«i3037 
.873490 
.864149 
.855004 
.846018 

1.837273 
.828672 
.820237 
.811964 
.803344 
.795874 
.788047 
.780359 
.772S05 
.765379 
.758079 



M. 

"oo~ 

59 
58 
57 
56 
65 
64 
53 
62 
61 

5Q 
49 
48 
47 
46 
46 
44 
43 
42 
41 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 

30 
29 
28 
27 
26 
26 
24 
23 
22 
21 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


M. 



90^ 



%V 



C03INES, TAMUE.NTS, AND COTANUENTS. 






! 999997 









D.v: 


Conng. 1 


119.87 


'■?m" 


liSS 












,K73(!6 




























:^I^ 


MM 




1-633105 


il-?J 


Isunf 




.S«766 








80.Da 


1.681933 


^:ii 


;^5 




.fil»HCI 






?*.a^ 




n.n 


.HUS19 










Sf, 


.ss33!ir 




s^ 


















mm 


.iranag 






K 


.mmi 




■'S?e,\ 
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TAULE Xlll. L()c;AlllTTfMlC SINES, 



III 



M. 


I 

:} 
4 

5 

a 

7 
8 
9 

10 
11 
12 
l.i 
II 
15 
16 
17 
H 
I'J 

2() 
21 
22 

2:j 

21 
25 
2(> 
27 

2.S 
21) 

30 
Ml 

:« 

:»; 
:i7 
:h 
3y 

-10 

•II 

■Vi 

n 

•15 

•ir, 

•17 

•I'j 
r>«) 

51 
52 

5;{ 

51 
55 
»•) 
57 

5> 

) r.(j 



Sine. 

i>.oiy2:r) 

.02»M:i5 

.(•2IG:{2 
.022-125 
.021016 
.025203 
.0263>I6 
.027567 
.02.s7.n 

.o2yy 18 

9.0310^9 
.(»32257 
.03:«21 
.0315.S2 
.035741 
.036^96 
.03S(MS 
.0.39197 
.•H03I2 
.tHM^5 

9.01262.5 
.013762 
.044 S95 
.(M6026 
.(M7151 
.(MS279 
.019-1(K) 
.(»5()519 
.051635 
.052749 

9.053«C)9 
.()5l9<i6 
.056f»71 
.057172 
.().-).S27l 
.0593C)7 
.060ir,() 
.(K»l.55| 
.(162639 
.063721 

9.061 -(6 
.()65^'«5 
,0(56962 
.•HNI36 
.06'.»in7 
.07(»176 
.071212 
.072.31 K3 
.07:i.36f) 
.(»74424 

9.075 H) 
.(176.533 
.0775.■^3 
.07.S6.3! 
.079076 
.0S0719 
.0S175'J 
.OS2797 
.(K3-32 
.Oi>4^61 
.O.S.5^91 



1). 1". 



20.00 
9.95 
9.S9 
9.><4 
9.7S 
9.73 
9.67 
9.62 
9.57 
9.51 

9.16 
9.41 
9.36 
9.30 
9.25 
9.20 
9.15 
9.10 
9.05 
9.00 

S.95 
.S.90 

S.85 
S.HO 
.S.75 
M.70 
8.65 
8.60 
8.55 
S.50 

8.46 
8.41 
SMC) 

^:m 

8.27 
8.22 
8.17 
8.13 
^.118 
8.04 

7.99 
7.95 
7.90 
7.^6 
7.81 
7.77 
7.72 
7.(J8 
7.6-1 
7.59 

7.55 
7.51 
7.46 
7.42 
7.38 
7.31 
7.29 
7.25 
7.2! 
7.17 



Cosine. 

9.997614 
.997601 
.9975S.8 
.997574 
.997561 
.997547 
.997531 
.997.520 
.997507 
.997493 

9.997480 
.9974()t) 
.997452 
.9974:« 
.997425 
.997411 
.997397 
.9973<J 
.9iJ7:«)9 
.997:i55 

9.997311 
.997327 
.997313 
.997299 
.9{>72S5 
.997271 
.997257 
.997212 
.9972Z8 
.997214 

9.997199 
.9971.S5 
.997170 
.i)97156 
.997141 
.997127 
.997112 
.997098 
.9970-^3 
.9970CS 

9.997053 
.997039 
.99702-1 
.997(M»9 
.9iH'.99l 
.996979 
.«.»9(J9(U 
.JnJ69l9 
.996931 
.996919 

9.996901 
.9W;>''9 
.9^6•^7l 
.996 S5S 
.99(;<13 
.996S2S 
.996^12 
.996797 
.9967.V2 
.9967m; 
.996751 



// Af. ! Ca-tine. I D. vTJ Pin*. 



D 1". 

.22 

.22 

.22 

.22 

.22 

22 

.2.3 

.2.3 

23 

23 

23 
.23 
.2.3 

23 
.2,3 
.23 
.21 
.2.3 
.23 
.23 

.2,3 
.2;i 
.21 
.24 
.21 
.21 
.24 
.24 
.21 

.24 
.21 
.24 
.24 
.21 
.24 
.21 
.21 

.2:5 

.25 

.25 
.25 
.2;-. 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

.25 

.2.') 
.25 
.26 
.26 
.26 
.26 
.26 
.26 



D.l . 



Tanf?. 

9 021620 
.022S34 
.(K^lO-14 
.(»252ol 
.(r264or> 
.(^27C5.5 
.02Sf.52 

.o:ioa46 

.031237 
.032425 

9.0.33609 
.0.'«79I 
.(^5969 
.037144 
.03^^16 
.039485 
.040651 
.(Ml 81 3 
.rM2973 
.(H4130 

9.0452=^1 
.0-16431 
.(M7.5S2 
.0-18727 
.019.^69 
.051(K»>t 
.0.52114 
.0.*)3277 
.05.1407 
.055535 

9.a56659 
.057 7M 
.05^9(KJ 
.06(M)I6 
.0611.30 
.062240 
.06:3318 
.Ofh_145.3 
.06.55,"6 
.0666.55 

9.067752 
.0<;S846 
.0699.38 
.071(127 
.(»721I3 
.073197 
.074278 
,07:5,356 
.076432 
.077505 

9.07^576 
.079614 
.0SO7I0 
.0^^1773 
.082^3.3 
.0.<.3>91 
.084JM7 
,0S60(K) 
.a'^7050 
.0881 »«>8 
.089144 



eotang. I D. 1". 



D. 1". 

Sfl).23 
20.17 
20.12 
20.(J6 
2(1.01 
19.95 
19. 90 
19.85 
19.79 
19.74 



19.69 


19.64 


19.r>8 


19..03 


19-48 


19.43 


19.38 


19.33 


19.28 


19,23 


19.18 


19,13 


19.(»8 


19,03 


18.98 


18,93 


18,8y 


18.84 


18.79 


13.74 


18,70 


18.G5 


18. GO 


18.56 


18.51 


18.46 


H.42 


18.37 


18.33 


16,28 



18.2t 
18.19 
18.15 
18,10 
18.06 
18.02 
17.97 
17.93 
17.69 
17.&i 

17.80 
17.76 
17,72 
17.G7 
17.63 
17.51) 
17.55 
17.51 
17.47 
17.43 



Cotang. X 
0.97n*NI) ff 



.977166 

.9759.')6 

.9747-19 

.9r3515 

.972*15 

.971 148 : H 

.9699.54 9 



.968763 
.967675 



31 



0.966391 B^ 
.965209 4S 

.964<«i ; f 

.96:^56 ! C 
.9616n| I ^ 
.960615 I ^ 
.959319 !^ 
.95filS7 -0 
.957167 I -tf 
.965e'70/«l 

o.95rr6 *i 

.y5S« »^ 

.9ftWlS \ ^ 
.951273 37 



.950131 
.94>9y2 
.947fc56 
.&16723 
.945593 
.944465 

0.94.3341 
.942219 
.941100 
.9399S1 
.938870 
.937760 
.9:166.52 
.935547 
.9:M444 
.933315 

0.9.32248 
.9311.54 
.930062 
.928973 
.927887 
.926803 
.925722 
.924644 
.923568 
.922195 

0.921424 
.920356 
.91^290 
.91b227 
.917167 
.916109 
.915053 
.914000 
.912950 
.911902 

.fio<rr, 



T«Dg. 



$ 

31 

:i 

31 

a 

£ 

ft 
2 

SI 

2( 
V. 
li 

i: 
1* 
I 
I 
1 
1 
1 



9a-> 



COSINES, TANGENTS, AND COTANGENTS. 



181 



Sine. 




I 
2 
3 
4 
5 
6 
7 
8 

10 
11 
12 
li 
14 
15 
16 
17 
IS 
19 

20 
21 
22 
2.} 
21 
2.-1 
20 
27 
2S 
2'J 

30 
31 
32 
3J 
31 
31 

:u) 

AT 

3S 

3y 

•10 

11 

12 
•13 
41 
4.') 
AG 
47 
4S 
49 

no 
r.2 

.03 
51 
55 

r)f; 

57 

5S 
5'J 
(•)(> 

M. 



9.(W5-{yi 
.(IH6922 
.US7917 
.0-^970 
.0S9990 
.09I(KW 
.092024 
.(yMYS? 
.094017 
.095056 

9.096)62 
.097(«ri 
.09H(»)6 
.099065 
.I(K)062 

.ioio:>6 

.102')1S 
.10:«)37 
.10102,3 
.105010 

9.105992 
.I06y73 
.107951 
.10:^^27 
.1099fU 
.I10S73 
.111S12 

.H2soy 

.113774 
.114737 

9.1ir,69S 

• iifio; 

.117613 

.iis.-,r.7 

.119519 
.12)169 
.121117 
.122.562 

.r2:n'K; 

.12r2H 

9.1251S7 
.126125 
,r27(Ki() 
, 1 2799:{ 
.12Sy25 
.129^51 
.i:i07Sl 
.131706 
.i:}26:)0 
.13:i.')51 

9.131170 
.1353-7 
.1363 Ci 
.137216 
.13"^I2S 
.l.3yo.37 
.139911 
.14(H50 
.141751 
.1426.35 
.li:i.355 



CoBine. 



D. 1". 

17.13 
17.09 
17.05 
17.(K) 
16.96 
16.92 
16.SS 
16.S4 
16. SO 
16.76 

16.73 
16.69 
16.65 
16.61 
16.57 
16.. 53 
16.49 
16.46 
16.42 
16.3S 

16.31 
16.3) 
16.27 
16.23 
16.19 
16.16 
16.12 
16. OS 
16.05 
16.01 

1.3.9S 
15.91 
1.3.90 
15.87 
13.83 
15. SO 
15.76 
15.73 
15.6y 
15.66 

1.3.62 
15..5y 
1.5.56 
15. .32 
1.5.4y 
1.3.45 
15.42 
15.-39 
15.;35 
15.32 

15.2*.) 
15.26 
1.3.22 
15.19 
15.16 
1.3.13 
15.0.) 
1.3.06 
15.03 
15.00 



D. 1". 



Cosine. 



9.996751 
.996735 
.99672f) 
.996701 
.9966SS 
.996673 
.996657 
.996641 
.99662.3 
.996610 

9.9965M 
.996578 
.996362 
.996546 
.9965.30 
.996514 
.99649S 
.936132 
,996465 
.996449 

9.996133 
.996117 
.996400 
.9963S4 
.99636S 
.996351 
996.3.35 
.99631 S 
.996.3)2 
.9962S5 

9.996269 
.996252 
.996235 
.996219 
.996202 
.9961^5 
.996 I 6S 
.996151 
.9:>613l 
.996117 

9.996100 
.99608:? 
.999(06 
.996f(19 
.996032 
.99601.3 
.99399S 
.99.3980 
.99596.3 
.995946 



9.99: 
.99 
.99. 
.99, 
.99 
.99. 
.99 
.99 
.99. 
.99 
.99. 



3928 
3911 
'i'^U I 
1^76 
3^59 
3>i41 
3S23 
3^00 
")7^8 
3771 
3753 



Sine. 



D. 1". 



.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 
.26 

.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 
.27 

.27 
.27 
.27 
.27 
.27 
.27 
.2S 
.2S 
.2S 
.23 

.23 

.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 
.28 

.28 
.28 
.28 
.29 
.29 
.29 
.29 
.29 
.29 
.29 

.29 

.29 
.29 
.29 
.29 
.29 
.29 
.2.) 
.29 
.30 



D. 1" 



Tang. 



9.089144 
,090187 
.091228 
.092266 
.093302 
.091.3:16 
.09.3367 
,096,395 
.097422 
.093446 

9.099463 
.100487 
•101.504 
.102519 
,103532 
.101542 
.1055.30 
.1065r>6 
.107559 
.103560 

9.109.359 
.110,336 
.111551 
.112543 
.113533 
.114521 
.11.5507 
.116491 
.117472 
.118452 

9.119429 
.120104 
.121377 
.122318 
.12.3317 
.1212^1 
.123219 
.126211 
.127172 
.I2SI30 

9.r290>t7 
.i:v)(Ml 
.i:}09y4 
.131914 

• .i:«>^93 
.1XK39 
.1317.-^ 
.1.35726 
.I:J6667 
.137605 

9.1.38.312 
.i:W}76 
.11) 109 
.141310 

.Ii22r,y 

.1131% 
.111121 
.14.3011 
.11.3966 
.IPW>5 
.117>0:i 



Coting. 



D. 1". 



39 

;i.3 

31 
27 
23 
19 
15 
II 
7.07 
7.03 



6.99 
6.95 
6.91 
6.8S 
6.84 
6.80 
6.76 
6.72 
6.69 
6.65 

6.61 
6.5.S 
6. .54 
6.50 
6.47 
6.43 
6. .39 
6.36 
6.32 
6.29 

6.2:3 

6.22 
6.18 
6.15 
6.11 
6.08 
6.(H 
6.01 
5.9S 
5.94 

5.91 
.3.,S7 
5.84 
5.81 
.5.77 
5.74 
.3.71 
5.68 
5.64 
5.61 



5.51 
.3.48 
5.45 
5.42 
5. .39 
5. .36 
5..32 
5.29 



Cotong. 



0.9108^36 
.909'<I3 
.908772 
.9077.34 
.906693 
.90.36(i4 
.9046.3.3 
.90:«i05 
.902.378 
.901554 

0.900532 
.899513 
.89'}496 
.897481 
.896468 
.895458 
.8914.30 
.89314 4 
.892141 
.891440 

0..S9O441 
.839114 
.888-149 
.837457 
.836 167 
.835479 
.a34193 
.a33.509 
.83252S 
.881M8 

0.880571 

.87951)6 
.87S62.3 
.8776.32 
.8766<{ 
."^7.3716 
.-^71751 
.8737-!y 
..s72-^28 
.871870 

0. -570913 

.soyy.iy 
.MjyoKJ 

.8680.3(5 
.867107 
.866161 
.86.3216 
.ST. 1274 
.8(53.333 
.862395 

0.8614.38 
.<()0.321 
.8;3y.3yi 
.S5s(Jf5!) 
.,857731 
.8.36>^)1 
.8.3.3><79 
.8,3}y.-)6 
.851034 
.8.33115 
.^52197 



M. 

60 
59 
.58 
57 
56 
55 
&4 
53 
52 
51 

50 
49 
43 
47 
46 
45 
44 
43 
42 
41 

40 
39 
33 
37 
36 
35 
34 
33 
32 
31 

30 

29 
28 
27 
26 
2.3 
24 
23 
22 
21 

20 
19 
18 
17 
16 
15 
14 
13 
12 
U 

10 
9 
8 
/ 
(5 
5 
4 
3 
2 
1 
9 



D. v. \ Tanft. 



W.\ 



Z^ 



^^^ 
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83 



TABLE XIII. LOGARITHMIC SINES, 



/ 



H. 


I 
2 

4 
5 
6 

7 

S 

u 

10 

11 
12 

13 
14 

ir, 
10 
17 
H 
19 

2<) 
21 
22 
23 
24 
25 
26 
27 
2S 

2y 
;}o 

31 
32 
3.3 
31 
35 
30 
37 
3S 

3y 

40 
41 
42 
43 

il 
45 
40 
47 

H 
41) 

5f) 
51 
52 
53 
51 
55 
50 
57 
5S 
59 
00 

M. I 



Sine i D. 1". 



43555 
44453 
45:i49 
40243 
47136 
4^26 
4S915 
49S(r2 
506^ 
51569 

52151 
5.I3:» 
5-120S 
55083 
55957 
5C>3f) 
577(K) 
5Si'>69 
59135 
6U301 

61164 
62025 
62SS5 
63743 
01000 
0515^1 
06307 
07159 
O^iOOS 
0SS56 

69702 
70547 
7I3S9 
72230 
73070 
739(H 
71744 
7557S 
70111 
77212 

78072 
7.-!9(K) 
79720 
H0551 
SI 374 
S2I9G 
S3010 
S3S.31 
<1051 
«5466 

f>62S0 
S7092 
87903 
SS712 
S95I9 
903-25 
91i:J0 
9li).33 
92731 
93531 

ai3:w 



4.97 
4.93 
4.9<» 
4.S7 
4.^ 
4.. Si 
4.7S 
4./0 
4.72 
4.69 

4.66 
4.63 
4.60 
4.57 
4.54 
4.51 
4.4S 
4.45 
4.42 
4.39 



.36 
.33 
14.30 
14.27 
4.24 
14.22 
14.19 
14.16 
14.13 
14.10 

4.07 
4.05 
4.02 
3.99 
3.96 
3.9* 
3.91 
13. S8 
3.85 
3.83 

3. SO 
3.77 
3.75 
3.72 
3.69 
3.67 
3.01 
3.61 
3.59 
3.56 

3.54 
3.51 
3.48 
3.46 
3.43 
3.41 
3.3S 
3..30 
3.33 
3.31 



7 



Cosine. | D. 1' 



9.995753 
.995735 
.995717 
.995699 
.9956^1 
.S956fr4 
.995^6 
.995623 
.995610 
.995591 

9.995573 
.995555 
.995537 
.995519 
.995501 
.9954S2 
.991^164 
.995446 
.99.>427 
.995409 

9.995390 
.995372 
.995353 
.995334 
.995316 
.995297 
.995278 
.995260 
.995-211 
.995222 

9.995203 
.995 1 ?M 
.995165 
.995146 
.995127 
.995108 
.995089 
.995070 
.995051 
.995032 

9.995013 
.991993 
.994974 
.9M955 
.994935 
.994916 
.994896 
.994877 
.994857 
.991338 

9.994vSI8 
.991798 
.991779 
.994759 
.991739 
.991720 
994700 
.9946S0 
.994060 
.994610 
.991620 



Cosine. / B. I". \ Sine. 



.30 
.3rj 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 

.30 
.30 
.30 
.30 
.30 
.31 
.31 
.31 
.31 
.31 

.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 
.31 

.31 
.32 
.32 
.32 
.32 
.32 
.32 
.32 
.32 
.32 

.32 
.32 
.32 
.32 
.32 
.32 
.3:3 
.33 
.3:} 
.33 

.33 
.33 
.33 
.33 
.33 
.33 
.33 
.3:j 
.33 
.33 



Tang. D-1". Cotang. 



9. 



9. 



J47803 
.14«-718 
.149632 
.1505^14 
.151454 
.15^363 
.153269 
.1^174 
.155077 
.155978 

.156877 
.157775 
.158671 
. I 59565 
.160457 
.161347 
.162236 
.163123 
.164003 
.161892 

165774 
,166654 
,167532 
.16-S409 
,169-2fv4 

.170157 
.171029 
.171899 
,172767 
.173634 

,174499 
.175362 
.176224 
.177084 
.177942 
.178799 
.179055 
.180508 
.181300 
.182211 

183059 
.18:3907 
.184752 
.ia5597 
.186439 
.187280 
.1&=^120 
.188958 
.199794 
.190629 

.191462 
.192294 
.193124 
.193953 
.194780 
.195606 
.1901.30 
.197253 
.198074 
.1988&1 
199713 



15.26 
15.2:3 
15.20 
15.17 
15.14 
15.11 
I5.0S 
I5.a5 
15.02 
14.99 

14.96 
14.93 
14.90 
14.87 
14.84 
14.81 
14.78 
14.75 
14.73 
14.70 

14.67 
14.64 
14.61 
14.58 
14.56 
14.53 
14.50 
14.47 
14.44 
14.42 

14.39 
14.36 
14.33 
14.31 
14.28 
14.25 
14.23 
14.20 
14.17 
14.15 

14.12 
14.09 
14.07 
14.04 
14.02 
1:3.99 
13.97 
13.94 
13.91 
13.89 

13.86 
13.84 
1:3.8 1 
13.79 
13.76 
1:3.74 
13.71 
13.09 
13.66 
13.64 



D. 1".\ Coumg. \ "D.l". \ T«Xi«. 



0.852197 


60 


.8512.-^2 


59 


.85036S 


5S 


.849456 


57 


.84^546 


56 


.847637 


55 


.846731 


54 


.&15826 


53 


.844923 


52 


.844022 


51 


0.843123 


50 


.842225 


49 


.841329 


48 


.840435 


47 


.839543 


46 


.838653 


45 


.8377&4 


44 


.836877 


43 


.835992 


42 


.835108 


41 


0.834226 


40 


.833346 


39 


.832468 


38 


.831591 


37 


.830716 


36 


.829843 


a^i 


.828971 


34 


.828101 


33 


.827233 


;32 


.826366 


31 


0.825501 


30 


.824638 


29 


.823776 


28 


.822916 


27 


.822068 


26 


.821201 


25 


.820345 


W 


.819492 


23 


.818640 


22 


.817789 


21 


0.816iMl 


20 


.816093 


19 


.815248 


18 


.814403 


17 


.813561 


16 


.812720 


15 


.811880 


14 


.811042 


13 


.810206 


12 


.809371 


11 


0.808538 


10 


.807706 


9 


.806876 


8 


.806047 


7 


.805220 


6 


.801394 


5 


.80:3570 


4 


.802747 


3 


.801926 


2 


..801106 


1 


.800287 






cosmes, tanuentii, amd coTAMaKKra. 



.993616 
0.093573 



D. I'l. \ Tsiv^. 
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M. 
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4 

r» 

6 
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H 
» 

10 
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14 
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16 
17 
IS 

ly 

20 
21 
22 
23 
24 
25 
26 
27 
28 
2'J 

30 
31 
.'{2 

;« 
:« 

36 
37 
3S 
39 

40 
41 
12 
43 
41 

4r, 

•16 
47 
4S 

4y 

no 
r,i 

52 
53 
51 
55 
5r, 

^ ^* 
• •>! 

5S 
59 
01) 



TABLE XIII. LOOilRITIIMIC SINES, 



109: 



Siiio. 

9.2.«)()7(l 
.2 103^6 
.2111(11 
.241814 
.2l!;!526 
.2132.37 
.'^^3U47 
.211656 
.215:363 
.2^16069 

9.216775 
.217478 

.2Hl5il 

.2H>i«-3 
.2195S3 
.2i5<r2S2 
.2.VJ'.K) 
.251677 
;4.V^373 
.253067 

9.a')3761 
.254153 
.2;')5N4 
.255834 
.2;56.j23 
.2:->72ll 
.257HiH 
.258583 
.25926S 
.259951 

9.2606a3 
.261314 
.261994 
.262673 
.26:i351 
.261 (►27 
.261703 
.26.5377 
.266i»51 
.266723 

9.267395 
.268065 
.2(5^731 
.269102 
.27(H)69 
.270735 
.271400 
.272fJ64 
.272726 
.273388 

9.271049 
.274708 
.275367 
.276025 
.276681 
.2773: J7 
.277991 
.27S615 
.279297 
.2799-18 
.2.Sfi5y9 



I). 1". 



.9:j 
.91 

.S9 
..^7 
.85 
.83 
.81 
.79 
.77 
.75 

.73 
.71 
.69 
.67 
.r>5 
.63 
.61 
.59 
.58 
.56 

..5-1 
.52 
..50 
.4S 
.46 
.-14 
.42 
.41 
.39 
.37 

.35 
.33 
.31 
.30 
.28 
.26 
.2'! 
.22 
.20 
.19 

.17 
.15 
.13 
.12 
.10 
.08 
.06 
.03 
.03 
.01 

0.99 
0.9S 
0.96 
0.94 
0.92 
0.91 
0.89 
0.87 
0.S6 
0.81 



1/ mJ Cosine. I D. 1". 



Cosine. 



9.99.3:^51 
.993329 
.9;/:}307 
.99:i28l 
.993262 
.99:J240 
.993217 
.993195 
.993172 
.993149 

9.99.3127 
.993104 
.99;«»8I 
.99:J059 
.993036 
.99:J0I3 
,992990 
.992967 
.992914 
.992921 

9.992S98 
.992>75 
.992*^52 
.992829 
.992S06 
.992783 
.992759 
.992736 
.992713 
.992690 

9.992666 
.992643 
.992619 
.992596 
.992572 
.992549 
.992.525 
.992501 
.992478 
.992154 

9.992^130 
.99-^106 
.992382 
.992359 
.992335 
.992311 
.992287 
.992263 
.9922.39 
.992214 

9.992190 
.992166 
.992142 
.992118 
.992093 
.992069 
.992rM4 
.992(eo 
.991996 
.991971 
.991917 



D. 1". 

.37 
.37 
.37 
.37 
.:^7 
.37 
.33 
.38 

.:« 

.33 

.38 
.33 
.:« 
.38 
.38 
.38 
.38 
.38 
.38 
.38 

.38 
.38 

.:» 

.39 
.39 
39 
39 
39 
39 
39 

39 
39 
39 

39 

.:» 
.:^9 

.39 
.39 

.40 
.40 

.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 

.40 
.40 
.40 
.41 
.41 
.41 
.41 
.41 
.41 
.41 



D.l". I Sine. I D.l".\ Cotaiig. 



Tang. 



9.*^46.3I9 
.217057 
.247794 
.'-M8530 
.249264 
.249998 
.250730 
.251461 
.252191 
.252920 

9.2.53648 
.2r>1374 
.255100 
.255824 
.2.56547 
.25?269 
.257990 
.258710 
.259429 
.26U146 

9.260S63 
.261578 
.262292 
.263005 
.263717 
.264428 
.265138 
.26r).847 
.266.555 
.267261 

9.267967 
.268671 
.269375 
.27(KJ77 
.270779 
.271479 
.272178 
.272876 
.273573 
.274269 

9.2749&4 
.275658 
.276351 
.277043 
.277734 
.278124 
.279113 
.279801 
.280488 
.281174 

9.281858 
.282.542 
.283225 
.283907 
.281 5a8 
.2S5268 
.285947 
.286624 
.287:»1 
.2S7977 
.288652 



D. 1". 



12.30 
12.28 
12.26 
12.^ 
12.22 
12.20 
12.18 
12.17 
12.15 
12.13 

12.11 
12.09 
12.07 
12.0.'5 
12.03 
12.01 
12.00 
11.98 
11.96 
11.91 

11.92 
11.90 
11.89 
11.87 
11.85 
11.83 
11.81 
11.79 
11.78 
11.76 

11.74 
11.72 
11.70 
11.69 
11.67 
11.65 
11.61 
11.62 
11.60 
11.58 

11.57 
11.55 
11.53 
11.51 
11.50 
11.48 
11.46 
11.45 
11.43 
11.41 

11.40 
11.33 
11.36 
11.35 
11.33 
11.31 
11.30 
11.28 
11.26 
11.25 



Cotang. j SL 



\ li.l". 



0.753681 
.752943 
.7522(16 
.751470 
.750736 
.750002 
.749270 
.748539 
.747809 
.747080 

0.746352 
.745626 
.744900 
.744176 
.743453 
.742731 
.742010 
.741290 
.740571 
.739S51 

0.73913r/S 
.7384fl g.. 
.737708 \^\\ 
.736995 "^ 
.736283 
.735572 
.734862 
.7341,53 
.733445 
.732739 

0.732033 
.731329 
.730625 
.729923 
.729221 
.728521 
.727822 
.727124 
.726427 
.725731 

0.725036 
.724342 
.723619 
.722957 
.722266 
.721576 
.720887 
.720199 
.719512 
.718826 

0.718142 
.717458 
.716775 
.71609.3 
.715412 
.714732 
.714053 
.713.376 
.712699 
.712<»23 
.711348 



raxtg. I 
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TABLE Xlll L0 3AR1TJMIC SINES, 



I ere 



M. 


I 
2 
3 
4 
6 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
20 
27 
2*^ 
29 

30 
31 
32 
33 
•M 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 



6? 

5s 

59 



Sine 

9.31 7S79 
.318473 

.319066 
.3I9<;.">.S 

.320249 
.32lte40 
.321430 
.322019 

.323194 

9.3237.-0 
.324366 
.324950 
.3255:}-l 
.326117 
.326700 
.327281 
.327862 
.:i2S^142 
.329021 

9.329599 
.:3;«U76 
.;i.30753 
.33i:«9 
.33190.3 
.332478 
.3:i305l 
.:i;i3624 
.334195 
.334767 

9.35.5.337 
.3359(»6 
.33&t75 
.337(»43 
.337610 
.338176 
.33S742 
.339307 
..3,39871 

9.340996 
.341558 
.3-12119 
..342679 
.34:i239 
.343797 

.ai4:^55 

.314912 
.34M69 
.ai6024 

9.346.579 
.3^1713-1 
.:I476S7 
.318240 
.34.''792 
.319;M3 
.319^93 
.3.">()113 
.35(1992 
.351510 



D. 1". 



Conine. I D. 1". 



9.90 
9.88 
9.87 
9.86 
9.84 
9.83 
9.81 
9.80 
9.79 
9.77 

9.76 
9.75 
9.73 
9.72 
9.70 
9.69 
9.68 
9.66 
9.65 
9.64 

9.62 
9.61 
9.60 
9.58 
9.57 
9.56 
9.54 
9.53 
9.52 
9.50 

9.49 
9.48 
9.46 
9.45 
9.44 
9.43 
9.41 
9.40 
9.39 
9.37 

9.36 
9.35 
9.^4 
9.32 
9.31 
9.30 
9.29 
9.27 
9.26 
9.25 

9.24 
9.22 
9.21 
9.20 
9.19 
9.17 
9.16 
9.15 
9.14 
9.13 



Cosine. 



9.99fM04 
.99(K}78 
.990351 
.990324 
.990297 
.990270 
.990243 
.990215 
.990188 
.990161 

9.9901 ai 
.990107 
.990079 
.990052 
.990025 
.989997 
.989970 
.989942 
.989915 
.989887 

9.989860 
.989832 
.989804 
.989777 
.989749 
.989721 
.989693 
.989665 
.989637 
.989610 

9.989582 
.989553 
.939525 
.989497 
.989469 
.9S944I 
.989413 
.989385 
.989356 
.989328 

9.989300 
.989271 
.989243 
.989214 
.989186 
.989157 
.989128 
.989100 
.989071 
.989042 

9.989014 
.9889-^5 
.988956 
.9.SS927 
.9.8.8898 
.9^<S,=69 
.9S^.*40 
.9.8.^811 
.9.S8782 
.388753 
."988721 

Sine. 



J>. 1". 



.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 
.45 

.45 
.45 
.46 
.46 
.46 
.46 
.46 
.46 
.46 
.46 

.46 
.46 
.46 
.46 
.46 
.46 
.46 
.47 
.47 
..47 

.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
.47 
A7 

.47 

.47 
.47 

.48 
.48 
.48 
.48 
.48 
.48 
.43 

.48 
.48 
AS 
.48 
.48 
.48 
.48 
.48 
.49 
.49 



Tang. 



9.327475 
.328095 
.328715 
.3293:M 
.329953 
.330570 
.331187 
.331803 
.332418 
.333033 

9.333W6 
.3:«259 
.334871 
.335482 
.3:^6093 
.336702 
.33731 1 
.337919 
.338527 
.339133 

9.339739 
.340344 
.340948 
.:^1552 
.342155 
.312757 
.343358 
.3439,58 
.344.558 
.345157 

9.345755 
.3463.53 
.346949 
.317,545 
.348141 
.348735 
.349329 
.349922 
.350514 
.351 106 

9.351697 
.352287 
.352876 
.353465 
.354053 
.354640 
.355227 
.3,5,5813 
.366398 
.356982 

9.357566 
.368149 
.358731 
.3.59313 
.a''iaS93 
.360174 
.361 (ra 
..36I6:J2 
.362210 
.362787 
.363364 



D. 1". 



10.35 
10.33 
10.32 
10.31 
10.29 
10.28 
10.27 
10.25 
10.24 
10.23 

10.21 
10.20 
10.19 
10.17 
10.16 
10.15 
10.14 
10.12 
10.11 
10.10 

10.08 
10.07 
10.06 
10.05 
10.03 
10.02 
10.01 
10.00 
9.98 
9.97 

9.96 
9.96 
9.93 
9.92 
9.91 
9.90 
9.88 
9.87 
9.86 
9.85 

9.84 
9.82 
9.81 
9.80 
9.79 
9.78 
9.76 
9.75 
9.74 
9.73 

9.72 
<J.70 
9.69 
9.68 
9.67 
9.66 
9.65 
9.6.3 
9.62 
9.61 



Cotang. 



0.672525 
.671905 
.671285 
.670666 
.670047 
.669430 
.668813 
.663197 
.667582 
.666967 

0.666354 
.665741 
.665129 
.664518 
.6639f)7 
.663298 
.662689 
.662081 
.661473 
.660867 

0.660261 
.669666 
.669a52 
.658448 
.657845 
.657243 
.656642 
.656042 
.6.56442 
.664843 

0.654245 
.653647 
.6.53051 
.6,52465 
.651859 
.661265 
.650671 
.650078 
.649486 
.648894 

0.648303 
.647713 
.617124 
.646635 
.645947 
.646360 
.644773 
.644187 
.643602 
.643018 

0.642434 
.641861 
.611269 
.640687 
.640107 
.6,39.526 
.6:}>M7 
.6.3.-368 
.637790 
.6.37213 
.636636 



D. 1".\ Cotattg. \ D.Y'. \ Twx%. 



M. 

60 
69 
68 
57 
66 
56 
64 
53 
62 
51 

50 
49 
48 
47 
46 
46 
44 
43 
42 
41 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 

30 
29 

28 
27 
26 
25 
24 
23 
22 
21 

20 
19 
18 
17 
16 
16 
14 
13 
12 
11 

10 
9 
8 
7 
6 
5 
4 
3 
2 
I 



COSINES TANGENTS, AND COTANeENTS. 



187 



Sine. 



.382635 
.383181 
.363726 
.364271 
.364816 
.866388 
.366901 
.386M3 
.3560S4 

9.357624 
.33d0&l 
.338603 
.359(41 
.359678 
.360215 
.360762 
.361237 
.361822 
.362356 

9.362889 
.363122 
.363964 
.364485 
.365016 
.366546 
•306075 
.366604 
.367131 
.367669 

9.369185 
.36371 1 
.369230 
.369761 
.37()2S5 
.370Sf« 
.371330 
.371852 
.372373 
.372S94 

9.373414 
.373933 
.374152 
.374970 
.375487 
.376003 
.376519 
.377035 
.377549 
.378063 

9.378577 
,379039 
.379601 
.3801 13 
.3300^1 
.331 134 
.331 643 
.382152 
.382661 
.888168 

,33asrs 



D.l". 



9.11 
9.10 
9.00 
ftOS 
9.07 
9.05 
9.04 
9.03 
9.02 
9.01 

&99 
8.9S 
a97 
8.96 
a96 
8.94 
8.92 
a9I 

ago 
a89 

a83 
a87 

8.86 

a84 
a83 

8.82 

a8i 
aso 
a79 
a78 

a76 

8.75 
8.74 

a73 

a 72 
a7i 
a 70 

8.69 
a68 
a66 

a65 

8.64 
8.63 
a 62 

a6i 

8.60 
8.59 

a58 
a57 
a56 

a 53 
a52 

8.51 
8.50 
8.49 
a43 
a47 

a46 



Godiw. 



€%MtoA 






9.9987»4 
.988606 

.983636 
.988907 
.938578 

.938619 
.988489 
.988460 

9.988130 
.938401 
.988371 
.938812 
.938312 
.93^32 
.938252 
.938233 
.988193 
.933163 

9.988133 
.983103 
.9S8073 

.988013 
.987983 
.987953 
.937922 
.937892 
.987862 

9.987332 
.987801 
.&S7771 
.987740 
.987710 
.937679 
.987649 
.987618 
.9S75.3S 
.937557 

9.937526 
.9S7496 
.937465 
.937434 
.937403 
.937372 
.937341 
.937310 
.987279 
.937248 

9.987217 
.937186 
.937155 
.937124 
.937092 
.937061 
.937030 
.936998 
.986967 
.986 936 

.9>690i 



D.l«». 



Tuig. 



&363364 
.363910 
.364616 
.306000 
.866664 
.360237 
.306810 
.867832 
.807963 



Sine. 



9.369094 

•870232 
.370799 
.871307 
.371933 
.872499 
.373064 
.373029 
.374193 

9.874760 
.376319 
.376881 
.376442 
.877003 
.877803 
.378122 
.378081 
.379239 
.379797 

9.390384 
.330910 
.331466 
.33202f) 
.332575 
.383129 
.383682 
.384234 
.334786 
.385337 

9.385S88 
.aS6438 
.386937 
.387536 
.333084 
.388631 
.389178 
.339724 
.390270 
.390815 

9.391360 
.391903 
.392447 
.392989 

:;»353i 

.391073 
..391614 
.395 1. 'V4 
.395694 
.396233 
.396771 

Cotang. 



D.l". 



9.00 
9.69 
9.68 
9.87 
9.66 
9.64 
9.83 
9.82 
9.61 
9.60 

9.49 
9.48 
9.47 
9.46 
9.44 
9.43 
9.42 
9.41 
9.40 
9.39 

9.38 
9.37 
9.30 
9.36 
9.33 
9.32 
9.31 
9.30 
9.29 
9.23 

9.27 
9.26 
9.25 
9.24 
9.23 
9.22 
9.21 
9.20 
9.19 
9.18 

9.17 
9.16 
9.15 
9.14 
9.12 
9.11 
9.10 
9.09 
9.08 
9.07 

9.06 

9.06 

9.04 

9.03 

9.02 

9.01 

9.00 

8.90 

8.98 

8.97 

D. 1". 



Ck>tenK. 




0.036030 


.030000 


59 


.083488 


88 


.084910 


87 


.884330 


56 


.083703 


65 


.038(90 


64 


.682018 


83 


.032047 


62 


.031470 


51 


0.030900 


80 


.030337 


49 


.629708 


48 


.699201 


47 


.628033 


46 


.088007 


46 


.627601 


44 


.020930 


43 


.626871 


42 


.626607 


41 


0.626944 


40 


.624681 


39 


.624119 


'AA 


.623888 


37 


.622997 


36 


.622437 


38 


.621878 


34 


.621819 


33 


.620761 


32 


.620203 


31 


0.619046 


30 


.619090 


29 


.018534 


23 


.6179.31) 


27 


.617425 


26 


.616371 


25 


.616318 


21 


.615766 


2.3 


.615214 


22 


.6HG63 


21 


a6l4ll2 


20 


.613562 


19 


.613013 


13 


.612164 


17 


.611916 


16 


.611369 


15 


.610822 


14 


.610276 


13 


.609730 


12 


.609185 


11 


a6n8640 


10 


.608097 


9 


.60755.3 


H 


.607011 


7 


.606469 





.605927 


5 


.60rj:iS6 


A 


.«rtii\ft 


^\ 



Tang. \ 'M.. 




TABLE XMI. LOGARITHMIC I IN EH, 



Ifl 



Sine. 



..•WI.S2 
.3^16^7 
.3S5192 
.3So6y7 
.3S62()1 
.3^6704 
.3S72()7 
,3S7709 
.3SS210 

9.3SS7n 
.3sy21 1 
.3S971I 
.:WJ210 
.3U:>70S 

.:m'2im 

.391703 
.392199 
.39269.'> 
.393191 

9.3936S5 
.394179 
.394673 
.39';i66 
.39r)65S 
.396150 
.:39rt641 
.397132 
.397621 
.39^111 

9.39S60;) 
.399()SS 
.399575 
.4iHKK>2 
.4(M)549 
.40103.5 
.401520 
.40201 »5 
.4024 S9 
.402972 

9.4034.55 
.40393S 
.404420 
.401901 
.40;j3.S2 
.405S62 
.406311 
.4f»6'>20 
.407299 
.407777 

9.40>!25l 

.4fH731 

.4(»9207 

.4'>96S2 

.4101,57 

.410532 

.411106 

.411579 

.4 1 2052 

.4l25'M 

4l2im 

Cosine. 



D. 1". Cwine. , D. 1". 



8.44 
8.43 
S..t2 

an 

8.40 
8.39 
8.3S 
8..37 
8.36 
8.35 



9.9sG9f4 
.9^S73 
.9s6-^4I 
.986^)9 
.9!<6776 
.9:«3746 
.9S67I4 
.986683 
.986651 
.986619 

9.9^6587 
.9.S6555 
.9>().523 
.9SG491 
.9S6459 
.986127 
.9S6395 
.9^363 
.9S63.31 
.986299 

9.9S6266 
.9S62;n 
.9S6202 
.9S6169 
.9S6I37 
.9S6101 
.986072 
.986039 
.986007 
.985974 

9.98.5942 
.985909 
.985876 
.98,5843 
.985-811 
.985778 
.985745 
.98.5712 
.98.)679 
.9.856-16 

9.985613 
.9:^5580 
.985.547 
.985514 
.9*C>480 
.985147 
.985414 
.985381 
.985^17 
.935314 

9.935280 
,985247 
.985213 
.985180 
.985146 
.9S5113 
.9S5079 
.985015 
.98501 1 
.a81978 
.934914 



.53 
.53 
.53 
.53 
.53 

.63 
.53 
.63 
.53 

.53 
.53 
.53 
.53 
.5.3 
.51 
..54 
.54 
.54 
.5-1 

.M 
..54 
.61 
..54 
.5-1 

.rA 

.64 
.54 
.64 
.W 

.64 
.55 



..55 
..55 
.55 
.55 
.55 
.5.5 
.55 



..55. 

..55 

.55 

..55 

..55 

..56 



.56 
..56 

..56 
..56 
.56 
.56 
..5€ 
.55 
.56 
.5fi 



Tang. 



9.396771 
.397309 
.397846 
.398383 
.398919 
.391M55 
.399990 
.40f>524 
.401(»58 
.401591 

9.402124 
.402656 
.4(«I87 
.403718 
.4(M249 
.401778 
.405:»8 
.406836 
.406:jr>4 
.406892 

9.407419 
.407945 
.4(H471 
.408996 
.409521 
.410045 
.410569 
.411092 
.411615 
.412137 

9.4126.53 
.413179 
.4i:»99 
.414219 
.414738 
.415257 
.41,5775 
.416293 
.416-ilO 
.417326 

9.417842 
.4183-58 
.418.^73 
.419387 
.419901 
.42iW15 
.420927 
.421440 
.421952 
.422163 

9.422974 
.423184 
.423993 
.424503 
.425011 
.425519 
.426027 
.426,531 



D. 1". 



8.96 
8.96 
8.95 
8.9-( 
8.93 
8.92 
8.91 
8.90 
8.89 
8.88 

8.37 

8.S6 
8.85 
8.84 
8.83 
8.62 
8.81 
8.80 
8.79 
8.78 

8.77 
8.76 
8.76 
8.75 
8.74 
8.73 
8.72 
8.71 
8.70 
8.69 

8.63 
8.67 
8.66 
8.65 
8.65 
8.64 
8.63 
8.62 
8.61 
8.60 

8.59 
8. .58 
8.57 
8.56 
8.56 
8.55 
8.54 
8.,53 
8.52 
8.51 

8.50 
8.49 
8.49 
8.48 
8.47 
8.46 
8.45 
8.44 
\^.\"^ 



Cotanf 



1" 



Siue 



f^ 




0.603229 
.602691 
.602161 
.601617 
.601081 
.600545 
.6(X)OI0 
.599476 
.598M2 
.59t>409 

0.597876 
.597314 
.696813 
.596282 
.595751 
.595222 
.594692 
.5»41&4 
.693636 
.593108 

0.592581 
.592065 
.591529 
.591004 
.59(M79 
.589965 
.589431 
.588908 
.5d838o 
.587863 

0.587342 
.586821 
.586301 
.585781 
.585262 
.584743 
.584225 
.583707 
.583190 
.582674 

0.5S2153 
.531642 
.681127 
.580613 
.580099 
.579585 
.579073 
.578560 
.578048 
.577537 

0.577026 
.576516 
.676007 
.575497 
.574989 
.574481 
.573973 
.673466 
.572959 






190 

16 J 



TAliI.E Xlll. LOGARITHMIC ShNKS, 



leap 



u. 


Sine. 





'J.440:WS 


1 


.410778 


2 


.44121^ 


3 


.1416rH 


4 


.442096 


a 


.44i>:« 


6 


.442973 


7 


.4131IU 


8 


.413S17 


9 


.4112S1 


10 


9.+il720 


11 


.445155 


12 


.44.'.59() 


13 


.446025 


It 


.446159 


15 


.416'«J3 


16 


.44732<} 


\7 


.4 177.59 


H 


.4HI91 


I 'J 


.41>623 


») 


0.449051 


21 


.4491S5 


22 


.419915 


23 


4.-.0315 


21 


.450775 


2.J 


.15|2fM 


2r, 


.45|6:« 


27 


.452060 


2S 


.4.521SS 


2i) 


.452915 


30 


9. 1.-).3:M2 


31 


.45370S 


32 


.151191 


3.3 


.451619 


31 


.4.5.5fm 


3.-, 


.155169 


;>) 


.4.5.5-^93 


37 


.156316 


3S 


.4.5<;7:W 


3i) 


.457162 


•10 


9.457.5^1 


•11 


.45n(MW; 


12 


.4.5>;i27 


13 


.4.5S>i-H 


•14 


.4592(H 


45 


.4.596SS 


40 


.4r.oios 


47 


.460.527 


4>i 


.160') 16 


1'.) 


.4613(^1 


r,o 


9.16I7>'2 



'I I 



51 



.>4 



»J 



.W*2I99 

Aivvr.vi 
.I'I'.IH 

.1''.1';:m 

.IT.l'H 



7.31 
7.:w 
7.32 
7.31 
7.31 
7.:» 
7.29 
7.2S 
7.27 
7.27 

7.26 
7.25 
7.21 
7.21 
7.'Z3 
7.22 
7.21 
7.2() 
7.20 
7.19 

7.H 
7.17 
7.17 
7.16 
7.15 
7.11 
7.13 
7.13 
7.12 
7.11 

7.10 
7.10 
7.09 
7.0S 
7.07 
7.n7 
7.06 
7.05 
7.01 
7.01 

7.03 
7.02 
7.01 
7.01 
7.00 
6.99 
6.9S 
6.9S 
6.97 
6.96 

6.96 
6.95 
6.91 
6.9.3 
6.'.I3 
6 \)> 
6.91 



51 
• •7 



6.9 ) 

6.;i0 



t'<i>iiif. i D. 1". 



9.9-<2S12 
.9>2<05 
.9S2769 
.9v^7.ti 
.9>'2i;'.«> 
.9S26(»<» 
.9^2624 
.9-25-J7 
.982551 
.9>2."»14 

9.9«^2177 
.9><2141 
.9S21(M 
.9^12 i<57 
.9'<2331 
.9-fci>9l 
.9'!^2.57 
.9-«22r» 
.9S2!S:i 
.9>2I46 

9.9^2109 
.9S2<.)72 
.9>2n:{.5 
.9-^1 inH 
.9^1961 
.9x1921 
.9>!!*<>6 
.9'<1'<19 
.9>II^I2 
.9^1774 

9.9-^1737 
.9^!70<l 
.9'JI6')i 
.9-11 6 >5 
.9'! 1 5-^7 
.9^1519 
.9S15I2 
.9>^I171 
.9-^143f5 
.9^1399 

9.9^^1361 

.9Si:K:i 

.9> 12-^5 
.9SI2I7 
.9^12f)9 
.9S1I71 
.9-^1133 
.9Sl(»<J5 
.9-^^157 
.9*^1019 

9.9^I9S1 
.9-^)912 

.9^n»oi 

.9<0<66 
.9M)-<-27 
.9-'n7>9 
.9>O7.50 
.9^<I7!2 
i«Hl673 
.9S0635 
.9^0.596 

8lne. 



.60 

.(>0 
.61 
.61 
.61 
.61 
.61 
.6! 
.61 
.61 

.61 
.61 
.61 
.61 
.61 
.61 
.61 
.62 
.62 

.62 
.62 
.62 
62 
.62 
.6^ 
.62 
.62 
.62 
.62 

.62 
.62 
.63 
.63 
.6:{ 
.63 
.63 
.63 
.63 
.63 

.63 
.63 
.63 
.63 
.63 
.63 
.63 
.61 
.64 
.64 

.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 
.61 



Tang. 



\ 



9.4-57 r.r, 
.457973 
.45-tny 
.45-i«W5 
.459I(W» 
.4.59S75 
.46(»3-19 
.46'K23 
.461297 
.461770 

9.462242 
.162715 
.1631-6 
.46:flr..'^ 
.461 1 2^ 
.461.51K) 
.46.5069 
.465.5.39 
.4 66' MIX 
.466177 

9.1'".';915 
.467113 
. I67"<-0 
.46-!317 
.16^-»|4 
.4692S0 
.461)716 
.17021! 
.470676 
.471111 

9.171605 
.172'Ki9 
.472.532 
.472995 
.1731.57 
.47.3919 
.1713SI 
.47H12 
.47.-3 )3 
.475763 

9.4762i3 
.4766s;j 
.177112 
.477601 
.47.S059 
.47.S517 
.478975 
.479132 
.479^^ 
.4S0345 

9.4^0^1 
.4SI2.57 
.4'<1712 
.4-^^2167 
.4S'2621 
.4S3rr5 
.4S352'.) 
.4-^:W'« 
.4 SI 135 
.4S13"57 



D. 1". 

7.91 
7.91 
7.93 
7.1W 
7.91 
7.91 
7.90 
7.89 
7.8S 
7.8S 

7.87 
7.>6 
7.H6 
7.85 
7M 

7.^i3 
7.^'2 
7.-1 
7.81 

7.79 

7.;s 

7.7^ 
7.77 
7.76 
7.76 
7.75 
7.71 
7.71 



7.73 
7.72 
7.71 
7.71 
7.7(J 
7.69 
7.(59 
7.6-5 
7.67 
7.tJ7 

7.66 
7.65 
7.65 
7.64 
7.63 
7.63 
7.62 
7.61 
7.61 
7.60 

7.59 
7.,59 
7.53 
7.57 
■7..57 
7.56 
7..55 
7.55 
7.5-1 
7.63 



D.V.\ CotanfS. \ T>A" 



t 



Cotung. 



0.r»42,'><4 
.5l2'Ri7 
.r>41551 
.511(175 
.540600 
.510123 
.5:ti)6ol 
.539177 
.5.38703 
..53S230 

0.537758 
.5372S5 
.536314 
.5:irv>l2 
.535x72 
..'>:r»l()i 

.5:Mn3i 
.5:ni6i 
.53.39i)2 
.533523 

0..533av, 
.5325S7 
.532120 
.531653 
.531186 
.530720 
.53(»254 
.5297«^9 
.529324 
.528859 

0.52S395 
.627«J3I 

.5274GS 
.527005 
.526543 

.526031 
.525619 
.525153 
..524697 
.524237 

0.523777 
.523317 
.522353 
.522399 
.521941 
.521483 
.621025 
.520563 
.520111 

.619655 

0.51 9 1 99 
.518743 
.518283 

'.617833 
.617379 
.516925 
.516171 
.516018 
.515665 
.616113 
.614661 




M. it 

.,i 

59 il 
58,1 

s: i; 

56 
55 
54 
53 
oi 
51 

50 

49 

4"* 

47 

46 

45 

44 

43 

42] 

41 I 



40 
39 
3^ 
37 
96 
35 
31 
33 
32 
31 

30 
29 
2S 
27 
26 
23 
21 
23 

21 

20 
19 
Id 
17 
16 
15 
14 
13 
IS 
11 

10 
9 
8 
7 
6 



COSINES. TANGENTS, AND COTANGENTS. 



1X3 



191 



SiM. 





1 

2 
3 
4 
R 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
2t 
25 
20 
27 
2S 
29 

30 
31 
32 
33 
31 
3.'> 
36 
37 
3^ 
39 

40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 

r»o 

51 
52 
53 

rA 

55 
50 
57 
5S 
59 
60 



9.465035 
.4G63IS 
.466761 
.467173 
.467585 
.467996 
.469407 
.46^17 
.469327 
.409637 

9.470046 
.470465 
.470863 
.471271 
.471679 
.4720* 
.472192 

.473304 
.473710 

9.474115 
.474519 
.474923 
.475327 
.476730 
.476133 
.476536 
.476939 
.477340 
.477741 

9.478142 
.478512 
.47.^M2 
.479312 
.479741 
.4SOItO 
.4^539 
.480937 
.4>^I.T31 
.4S1731 

9.4^21 2S 
.4S2525 
.4^2921 
.483316 
.483712 
.4Sn07 
.4^1501 
.4-^995 
.48.5299 
.495692 

9.496075 
.496467 
.486860 
.497251 
.497613 
.499a3.! 
.488424 
.48'«14 
.4««')4 
.489593 
.489992 



D 1". 



683 

6.88 

a87 

6.86 
6.85 
6.85 

a8t 

6.83 
6.83 
6.82 

6.81 
6.81 
6.80 
6.79 
6.78 
6.78 
6.77 
6.76 
6.76 
6.75 

6.74 
6.74 
a73 
6.72 
6.72 
6.71 
6.70 
6.69 
6.69 
6.63 

6.67 

6.67 
6.66 
6.65 
6.ft5 
6.61 
6.63 
6.63 
6.62 
6.61 

6.61 
6.60 
6..59 
6.59 
6.58 
6.57 
6.57 
6.56 
6.55 
6.65 

6.54 
6.54 
6.53 
6.52 
6.52 
6.51 
6.50 
6..5r> 
6.49 
6.49 






OoAloe. I D. 1''. 



CcmIim. 



9.990506 
.990568 
.990519 
.990480 
.980442 
.980403 
.990364 
.990345 
.990386 
.930217 

9.980903 
.930169 
.930130 
.930091 
.980052 
.930012 
.979973 
.979934 
.979395 
.979665 

9.979316 
.979776 
.979737 
.979697 
.979653 
.970618 
.979379 
.979539 
.979499 
.979469 

9.979420 
.979390 
.979310 
.979.30.') 
.979260 
.979220 
.979180 
.979140 
.979100 
.9791X59 

9.979019 
.978979 
.97.^939 
.978S9S 
.97.88.58 
.97S817 
.978777 
.978737 
.978696 
.978655 

9.978615 
.978574 
.9785.3:? 
.978193 
.9784.52 
.97"^ HI 
.97^^370 
.97^329 
.978288 
.978217 
.97.8206 



Sine. 



D. 1'. 



.61 
.64 
.65 
.65 
.65 
.65 
.65 

.65 
.65 

.65 
.65 
.65 
.65 
.66 
.65 
.65 
.66 
.66 
.66 

.66 
.66 
.66 
.66 
.66 
.66 
.66 
.66 
.66 
.66 

.66 
.66 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 

.67 
.07 
.67 
.67 
.67 
.67 
.67 
.69 
.69 
.69 

.69 
.69 
.69 
.69 
.6^ 
.6S 
.6S 
.69 
.6^ 
.69 



D. 1". 



TMIf. 



9.485339 
.435791 
.480312 
.486093 
.487143 
.497693 
.4^013 
.488492 
.483041 
.480390 

9.430839 
.490236 
.490733 
.491180 
.491627 
.492073 
.492519 
.492965 
.493110 
.493954 

9.491399 
.494743 
.496186 
.495630 
.496073 
.496515 
.496937 
.497399 
.497811 
.493292 

9.403722 
.49916.3 
.4996'« 

.mma 

.500181 
.500920 
.501359 
.501797 
..502235 
.502672 

9.503109 

..50:»S2 
.5»)1118 
.501854 
.505299 
.505724 
.506159 
.506593 
.507027 

9. .507160 
.507893 
.50=^326 

..5^»9191 
..5(K>6-22 
.5100.54 
.51(M'<5 
.510916 
.51 1.346 
.511776 



Cotang. 



D.1". 



7.53 
7.62 
7.61 
7.61 
7.60 
7.50 
7.49 
7.48 
7.48 
7.47 

7.46 
7.46 
7.46 
7.44 
7.44 
7.43 
7.43 
7.42 
7.41 
7.41 

7.40 
7.39 
7.39 
7.33 
7.33 
7.37 
7.36 
7.36 
7.35 
7.31 

7.31 
7.33 
7. .33 
7.:ft2 
7.31 
7.. 31 
7.30 

7.29 

7.28 

7.28 
7.27 
7.27 
7.26 
7.25 
7.25 
7.24 
7.1M 
7.23 
7.23 

7.22 
7.21 
7.21 
7.20 
7.20 
7.19 
7.18 
7.18 
7.17 
7.17 



Cotang. 


M. 

oo" 


0.514061 


.614209 


59 


.5I37&9 


68 


.513307 


67 


.512857 


56 


.612407 


&5 


.611967 


54 


.611609 


53 


.511069 


52 


.610610 


61 


0.610162 


60 


.539714 


49 


J09367 


48 


.503820 


47 


.503373 


46 


.507927 


45 


.607481 


44 


.607035 


43 


.606500 


42 


.606146 


41 


0.505701 


40 


.605257 


39 


.604814 


38 


.60i:)70 


37 


.5a3927 


36 


.603135 


35 


.603043 


31 


.602001 


33 


.508159 


32 


.601718 


31 


0.601278 


30 


.50rH37 


29 


.500397 


28 


.45)99.58 


27 


.499519 


26 


.499080 


2--> 


.49^11 


24 


.49-^2^)3 


aj 


.49776.'» 


22 


.497328 


21 


0.490S91 


21) 


.496 m 


19 


.496018 


18 


.49.5.582 


17 


.495146 


16 


.491711 


15 


.494276 


M 


.493841 


13 


.493107 


12 


.492973 


U 


Ci492.5.40 


10 


.492107 


9 


.491674 


s 


.491211 




.4'.)0^n) 


r, 


.49()37-< 


.) 


.1s99l() 


4 


.4S95I5 


.3 


.4890-11 


2 


.488654 


1 


.1^221 


U 



D.l". \ Tat\v;. 






TABLE Xlir. LOGAHITIIMIC SINES, 



iGic 



M. Sine. 

.4tMK{71 

.4"j()7r)'j 

.191147 
.491535 
.491922 
.492:«)S 
.492695 
.493()SI 
.49:M66 

9.19.3S51 
.45^I2.'«} 
.494621 
.495005 
.49.-3S3 
.495772 
.496 1. 54 
.496.J37 
.496919 
.497301 

9.4976S2 
.49S()61 
.49SM4 
.49SS25 
.499201 
.499581 
.499963 
.50():H2 
.5fM)721 
.501099 

9. .50 14 76 
..5f)|.S.5'l 
.50^i3I 
.502607 
..5f>29S-| 
..5r).TJ6{) 
..503735 
..501110 
.5(HJs5 
.501860 

9. 505231 
.5n56as 

..5059S1 
.506351 
..506727 
.507099 
..507471 
..507.*^13 
..50S2I4 
..50S585 

9..5f.H956 
.509326 
..509696 

.niivm 

.510431 

.510S(»3 

.511172 

.r>II.M() 

Mivor 



D. 1". 



-V. / Cxlne. 




6.48 
G.47 
6.46 
6.46 
6.45 
6.45 
6.41 
6.43 
6.43 
6.42 

6.41 
6.41 
6.40 
6.39 
6.39 
6.33 
6..3S 
6. .37 
6.36 
6.36 

6.35 
6.31 
6.31 
6.33 
6.33 
6.32 
6.31 
6.31 
6.30 
6.30 

6.29 
6.2S 
6. 28 
6.27 
6.27 
6.26 
6.25 
6.2;> 
6.24 
6.24 

6.23 
6.22 
6.22 
6.21 
6.21 
6.20 
6.19 
6.19 
6.18 
6.18 

6.17 

6.16 

6.16 

6.15 

6.15 

6.14 

6.11 

6'. /.3 

C./2 

G.V2 



Cosine. D. 1". Tang. 



1". 



9.978206 
.978165 
.978124 
.978083 
.978042 
.978001 
.977959 
.977918 
.977877 
.977835 

9.977794 
.977752 
.97771 1 
.977669 
.977628 
.977586 
.9775-14 
.977,5(0 
.977461 
.977419 

9.977377 
.977335 
.977293 
.977251 
.977209 
.977167 
.977125 
.977083 
.977W1 
.976999 

9.976957 
.976914 
.976872 
.976830 
.976787 
.976745 
.976702 
.976660 
.976617 
.976574 

9.976532 
.976^1'^9 
.976146 
.976 KM 
.976:J6I 
.976318 
.976275 
.976232 
.976189 
.976146 

9.976103 
.976060 
.976017 
.975974 
.975930 
.975887 
.975^4 1 
.975800 
.975757 
.975714 
.97567f> 

Sine. 



9.511776 
.512206 
.512635 
.513064 
.613493 
.513921 
.514349 
.514777 
.51.5204 
.515631 

9.516057 
.616184 
.516910 
.617:335 
.517761 
.518186 
.516610 
.519034 
.519158 
.519882 

9.520305 
.520729 
.521151 
.521573 
.521995 
.522417 
.522.833 
.52:32.59 
.52:3680 
.524100 

9..524520 
,524940 
.525:359 
..525778 
.526197 
,526615 
.527033 
.527451 
.527868 
.528285 

9.528702 
.529119 
.529535 
.529951 
..5.3(»:366 
.5,3f>781 
.531196 
..531611 
.53^)2'. 
.532139 

9.532853 
.533266 
.533679 
.534092 
.531504 
.531916 
..5.35328 
.535739 
.r>V\P)\ol^ 



D. 1". 



7.16 
7.16 
7.15 
7.14 
7.14 
7.13 
7.13 
7.12 
7.12 
7.11 

7.10 
7.10 
7.09 
7.09 
7.08 
7.03 
7.07 
7.07 
7.06 
7.05 

7.05 
7.04 
7.04 
7.a3 
7.03 
7.02 
7.02 
7.01 
7.01 
7.00 

6.99 
6.99 
6.98 
6.9S 
6.97 
6.97 
6.96 
6.96 
6. 95 
6.95 



D. r*.\ eotat\R 




Cotang. 



0.488224 
.487794 
.487365 
.4P6936 
.486507 
.486079 
.485651 
.485223 
.484796 
.484369 

0.483943 
.483516 
.483090 
.482665 
.482239 
.481814 
.481390 
.480966 
.480542 
.480118 

0.479696 
.479272 
.478849 
.47&427 
.478005 
.477583 
.477162 
.476741 
.47632(J 
.476900 

0.475480 
.475060 

. .474641 
.474222 
.473803 
.473385 
.472967 
.472.549 
.472132 
.471716 

0.471298 
.470881 
.470465 
.470f>49 
.4696ai 
.469219 
.468.<(V4 
.468389 
.467975 
.467561 

0.467147 
.46673^1 
.466:321 
.465908 
.465496 
.465084 
.461672 
.4&1261 



H. 



60 
59 
58 
67 
66 
66 
54 
53 
52 
51 

50 
49 
48 
47 
46 
45 
44 
43 
42 
41 

40 
39 
38 
37 
36 
35 
94 
33 
32 
31 

30 
29 
28 
27 
26 
25 
21 
23 
22 
21 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 

10 
9 
8 
7 
6 
5 
4 
3 
2 
\ 



1xjca%. 



V^. 



«r:> 



COSINES, TANGENTS, AND COTANGENTS. 



1»3 

M. 




I 
2 
3 
4 

r, 
6 

7 
8 
9 

10 
II 
12 
13 
14 
l.'i 
16 
17 
H 
ID 

20 
21 
22 
2:} 
'^t 
25 
2<j 
27 
2d 
2'J 

:u 

:i2 

M 
;r> 
:i« 

:i7 
:w 

4(» 
41 
42 

4:} 
4( 
45 

1« 

47 
48 
4i) 



193 

lOOC 



Sine. 



I 



:v 



f) 
51 
52 

5:{ 

5j 
55 
5f} 

57 

r.s 

5'.) 
tJO 



J m: 



9.512612 
.5i;jiK»9 
.5i:tJ75 
.513711 
.514107 
.514472 

.5i+s:J7 

.Gl52f»2 
.51.5566 
.5159:W 

9.516294 
.516657 
.517020 
.517:M2 
.517745 
.51S107 
.51>H6S 
.5HS29 
.519190 
.519551 

9.519911 
.520271 
.5206.31 
.52:)990 
.521319 
.521707 
.522066 
.5*22121 
.522781 
.52313S 

9.523t05 
.52."N.')2 
.5-212US 
.5^4.Vil 
.524i)2() 
.52."i275 
.52."'>()3() 
.525US4 
.52r,:i.3';> 
.52CG'JJ 

9.527016 
.527400 
.527753 
.r)2S105 
.52^4.'»S 
.52S«::i() 

.r)2<M6l 
.529513 
.529S61 
.530215 

9.53006.-) 
.5:30915 
.531205 
.531614 
.53196.3 
.532312 
.532661 
.5:33009 
.533a->7 
..533701 
.53 1052 

Cooine. 



D. 1". 



6.11 
6.11 
6.10 
6.09 
6.0i) 
6.0s 
6.(H 
6.07 
6.07 
6.06 

6.05 
6.0;) 
GAH 
6.01 
6.03 
6.03 
6.02 
6.(r2 
6.01 
6.00 

6.fK) 
5.99 
5.99 
5.98 
5.9S 
5.97 
5.97 
6.96 
6,95 
5.95 

5.91 
5.yl 
5. 9: J 
5.93 
.'j.92 
5.92 
5.91 

5.90 

5.^9 

5.^9 
5.S.S 
5.8S 
5.S7 
5.S7 
5.S6 
5.S6 

5.S5 
5.S4 

5.^3 
5.'>3 
5."^2 
5.-^2 

r^ii 

5. si 

5.. SO 
.5.^^ 
.5.79 
5.79 



D. 1". 



Cosine. 



9.975670 
.97.'i627 
.9755S3 
.975.-;.39 
.975196 
.9751.52 
.9751(W 
.97.'):J65 
.975321 
.975277 

9.97.-.2.33 
.9751-<9 
.975115 
.975101 
.975057 
.975013 
.9749«)9 
.97492.') 
.974SS0 
.974S36 

9.974792 
.97171S 
.9747(0 
.974659 
.971614 
.974570 
.9745-25 
.9744SI 
.974436 
.974391 

9.971317 

.9742'J7 
.974212 
.974167 
.971122 
.974077 
.9740.32 

.9r:ftH7 

.973912 

9.073-^97 
.9r:}S52 
.973S07 
.973761 
.97:J7I6 
.97:}671 
.97:«;2.') 

.97;r)So 

.973.135 
,9731S9 

9.973111 
.97:n9S 
.97:i.3.V2 
.97.3307 
.97:^2<)I 
.9/3k»ir, 
.97;Ji69 
.973121 
.97:i07.S 

.97;^ tW 

.9729-56 



D. 1". 



.73 
.73 
.73 
.73 
.73 
.73 
.7:J 
.73 
.73 
.73 

.73 
.73 
.73 
.73 
.73 
.74 
.74 
.74 
.71 
.74 

.74 
.74 
.74 
.74 

.74 
.74 
.74 
.74 
.74 
.75 

.7ry 
.75 
.75 

.75 
.75 
.75 

.to 

.75 
.75 
.75 
.75 
.76 
.76 
.76 
.76 
.76 
.70 

.70 
.70 
.70 
.70 
.70 
.70 
.77 
.77 



aim. I D, !«: 



Taut;. 



9.5;i6972 
.5.373-^2 
.r>.37792 
..5:J"^2l^2 
.5.^)61 1 
.539(»20 
..'):J91-29 

..'>:j9s;i7 

.51(h245 
.510653 

9..511061 
..54146S 
..541.S75 
.51-2281 
.512(>-*S 
.513091 
.513199 
.513905 
.511310 
.514715 

9.515119 
.51.)5'2^1 
.515928 
.5163;Jl 
.5167ii5 
.547 1:« 
..5I754() 
.517943 
.51^8.315 
.518747 

9.519149 
.519.")0 
.51ini5l 

.,5.'.()752 
.551153 
.5.') 1 552 
..').-) 19.-»2 
..').Vi3.')l 
.5.V2750 

9.5.-)3M0 
.5.-):r>l8 
.55:W10 
..551311 
.551741 
.5.'>5139 
.,5.'>.">36 
..55.">9:J3 

.556725 

9.5.''.712l 
.5.-,75|7 
.;V>79I3 
..558.3(18 
..5.5s7a3 
.5.5'.)ili)7 
..5;V.)191 
..5.59SS5 
,5<J(l2r9 
..56' 1673 
.561066 



D. 1". 



6.84 

6.83 
6.'<2 
6.82 
6.81 
6.81 
6.80 
6.80 
6.79 

6.79 
6.78 
6.78 
6.77 
6.77 
6.76 
6.76 
6.75 
6.75 
6.74 

6.74 
6.73 
6.73 
6.72 
6.72 
6.71 
6.71 
6.70 
6.70 
6.69 

6.69 
6.68 
6.68 
6.07 
6.67 
6.07 

G.m 

6.(W 
6.05 
6.65 

6.01 
6.01 
6.(i3 
6.03 
6.02 
0.62 
6.01 
6.01 
6.00 
6. (JO 

6.59 
6.5i) 
6.:.9 
6.58 
0..58 
0..57 
6.57 
6. .56 
6.56 
&55 



Cotang. 



0.46:jO-28 
.4(;-261S 
.46'2-^H 
.461798 
.4613-^^9 
.460980 
.4(Mr>7l 
.460163 
.45975.5 
.459347 

0.458939 
.4585.32 
.4581-25 
.457719 
.4.57312 
.4.56<.)06 
.4.V}r,0l 
.4.VJ095 
.4.V»690 
.4r>5285 

0.451881 
.4.51476 
.454072 
.453669 
.453265 
.452862 
.4.52160 
.4520i)7 
.451655 
.451253 

0.450851 
.450-150 
.4.501)19 
.419618 
.449218 
.'118.S47 
.418148 
.41S(»H 
.417019 
.417-230 

0.410S51 
.410152 
.41()051 
.445()56 
.44.5-2^59 
.4M>6I 
.444101 
.441067 
AiM)7l 
.413-275 

0.41-2-^79 
.412K3 
.41-20S7 
.411692 
.-WV^JT 
.4109(1.3 
.410.')(i9 
.410115 
.4.39721 
.4.39:327 



M. 

60 
59 
58 
57 
50 
55 
{^X 
53 
52 
51 

») 
49 
48 
47 
46 
45 
44 
43 
42 
41 

40 
39 
38 
37 
36 
35 
34 

a3 

:32 
31 

30 

2«» 
28 
27 
26 
2.5 
21 
2:l 
-22 
21 

20 

19 

18 

17 

16 

15 I 

14 

13 

12 

II 

10 
9 

S 

t 

6 

I 

.3 
2 
I 



I 



Tms- \^A 



lODAHtAMla E 



,97i»94 

.sn'm 
'.attTW 

'.9nt7S 



0,438994 



.643097 
9.S443S.'i 



.673SM 
!e76193 



.4»34(l 

!4ai&7a 



' .103341 



.870249 



.4»tt3a 



.4I8H6I 
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TABLE XIII. LOGAKITIIMIC SINES, 



Sine. 



/ 



y.r»7357ri 

.r,73S.SS 
.57-I2(M) 
.574512 
.574 S2 4 
.5751^36 
.57.5447 
.57575S 
.576069 
.576379 

9.5766"« 
.5769'.)9 
..577309 
.,57701 S 
.577927 
.57ft'2.J6 
.57.S515 
.57H853 
.579162 
.579170 

9.579777 
.5S00S5 
..5.S0392 
.5Si)699 
..5S1005 
.5S1312 
..5S16IS 
.5Sl92t 
.6S2229 
.582535 

9.532S10 
.5S3145 
.5S34J9 
..5S3754 
.58405S 
.5S4361 
.5Si665 
.5S196S 
.5S5272 
.5S5o74 

9.5S5S77 
.586179 
,5S64S2 
.5S6783 
.587085 
.587386 
.587688 
.5879S9 
.588289 
.588590 

9.588^^90 
.589190 
.5894S9 
.589789 
.590()SS 
.59():<>!7 
.59'»6sr, 

.5U0SH4 
.59I2>^2 



D. 1". Cosine. 



5.21 
5.20 
5.20 
5.20 
5.19 
5.19 
5.18 
5.18 
5.17 
5.17 

5.17 
5.16 
5.16 
5.15 
5.15 
5.14 
14 
II 
13 
13 



5. 
5. 
5. 
5. 



5.12 
5.12 
5.11 
5.11 
5.11 
.5.10 
5.10 
5.09 
5.09 
5.09 

5.08 
6.08 
5.07 
5.07 
5.06 
5.06 
5.06 
5.05 
.5.05 
5.04 

5.04 
5.04 
5.03 
5.03 
6.02 
5.02 
5.01 
5.01 
5.01 
5.(K) 

5.(K) 
4.99 
4.99 
4.99 
4.9S 
4.98 
4.97 
4.97 
4.97 
4.iHj 



'V. / Cosiae. / D. 1". 



i 



9.967166 
.967115 
.967061 
.967013 
.966961 
.966910 
.966859 
.966808 
.966756 
.966705 

9.966653 
.966602 
.9665-30 
.966499 
.966447 
.966395 
.966344 
.966292 
.966240 
.966188 

9.966136 
.966fK) 
.9660:3.3 
.966981 
.96.">929 
.96.'>876 
.96.5.824 
.965772 
.965720 
.965668 

9.965615 
.965563 
.96.>51 1 
.965458 
.96.->406 
.965:3-i3 
.96.'.:30l 
.965248 
.965195 
.965143 

9.96r,090 
.965037 
.964984 
.964931 
.964879 
.964826 
.961773 
.964720 
.9^666 
.964613 

9.96 li^O 
.964r,07 
.964451 
.964400 
.961317 
.961291 
.961240 
.%4187 
.9^11:3:3 
.964080 
.961026 

Sine. 



1). 1". 

.85 
.85 
.85 
.85 
.85 
.85 
.86 
.86 
.K6 
.86 

.86 
.86 
.86 
.86 
.K6 
.86 
.86 
.86 
.86 
.86 

.87 
.87 
.87 
.H7 
.87 
.87 
.87 
.87 
.87 
.87 

.87 

.87 
.87 
.87 
.83 
.S'i 
.88 
.88 
.88 
.88 

.88 
.88 
.88 
.88 
.88 
.88 
.ti8 
.(i8 
.89 
.89 

.89 
.89 
.89 

.sy 
.89 
.89 
.89 
.89 
.89 
.89 



Tung. 



9.6(K;n(» 
.606773 
.607137 
.607500 
.6(17863 
.608225 
.6')8.>88 
.6f»8950 
.fi<>93l2 
.6fJ9674 

9.6100:36 
.6I(K397 
.610759 
.611120 
.611480 
.611811 
.6I22')1 
.612561 
.612921 
.613281 

9.613611 
.614<H)0 
.614:359 
.614718 
.615077 
.615435 
.615793 
.616151 
.616509 
.616867 

9.617224 
.617582 
.6179:39 
.61^-295 
.6l.-><»52 
.6190 H 
.619361 
.619720 
.620076 
.62'W32 

9.620787 
.621142 
.621497 
.621^52 
.622207 
.622561 
.6-22915 
.623269 
.6-2:3623 
.623976 

9.621330 
.6246S3 
.6-250;36 
.625:388 
.6-23741 
.6-2609:3 
.6-26145 
.6-26797 
.6-27149 
.6-27501 
.627852 



D 1". 

6.06 
6.06 
6.05 
6.05 
6.05 
6.04 
6.04 
6.03 
6.03 
6.03 

6.02 
6.02 
6.02 
6.01 
6.01 
6.01 
6.00 
6.00 
6.00 
5.99 

.5.99 
5.98 
5.98 
5.98 
5.97 
5.97 
5.97 
5.96 
5.96 
5.96 



5.95 
6.95 
5.95 
5.94 
5.94 
6.94 
6.93 
5.93 
6.93 
5.92 

5.92 
5.92 
6.91 
5.91 
6.91 
5.90 
5.90 
5.90 
5.89 
5.89 

5.89 
5.88 
5.a8 
5.88 
5.87 
5.87 
5.87 
.5.86 
&.bQ 
5.86 



D.l".\ CoUujS. \ T>.\'* 



Cotang. 

0.393590 
.39:3227 
.39286:3 
.392.5011 
.392137 
.391775 
.391412 
.39105(1 
.390688 
.390326 

0.3899^ 
.a>59603 
.389241 
.388880 
.a8S.520 
.388159 
.387799 
.^87439 
.387079 
.386719 

0. 3863.59 
.3-^(KIC 
.38r>64 1 
.38.5282 
.384923 
.384565 
.3-84207 
.38;3a}9 
.383491 
.383133 

0.382776 
.382418 
.382061 
.3817(»5 
.331348 
.380992 
.380636 
.380;d80 
.379JI24 
.379568 

0.379213 
.378858 
.378503 
.378148 
.377793 
.377439 
.377085 
.376731 
.376377 
.376024 
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.374-259 
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.372148 



\ Tanc. 



lJ3^ 



COSIKSS, TANfiSHTB, AND COTAKOBMTS. 



MOP 
















\5V 


Z 


Sl«. 


B.l". 


C«lnc 


U.l". 


T«v. 


0, 1". 


Col»(. 


hTI 




4.M 

4:bb 




.S9 

.99 

'.'JO 






0.372148 






'.mm 

.(WM73 


iwUBTi 




6.36 


.371797 
.371M11 


58 




.hb;7o 


"Kttiu 




G.M 




U 






Imsjot 




'.eaaeoB 


6.84 
S.8S 

S.B3 

G.ei 


.37(091 






;693afl9 








.Ksm 








.6K»5S 


i 


laoasoo 


'.aa 

.9U 


.saoM 


iaassoi 






.6a4S£i 




.ffiatw 


.M93H 


na 








.B3I00S 




51 






4,B3 






9.SSIMB 






ml 




.6SSI37 


!ea34M 


.831 7M 




ta 








.MOTJ8 


:>o 










!k»7!W 


ioi 


.163321 












-«^; 


'raiTO 


P 


.aooMi 


4fl 




'mmm 


S 


:9i 


.63379S 




i 




:B97iBfi 






.631143 


'.aanggr 






.S9!4ia 




!o««9» 


.l»4490 


.385010 


41 






4.^ 




.01 






0.3SGIftl 






^^073 


ioesBW 


;bmi8s 


fi:78 


.SMll.'i 










.M»» 


.easfisa 


JMJ6S 


X 




:s9B66n 


i 

4:ss 




,(130979 


i 
Is 


•awiai 






.Bsaao* 


;ea»» 


.ossase 


.363774 


38 


X 






.e3aB7s 


s 


3e 




.soasiT 


.WUH 


!sa7ws 




33 




,e«iiia 


.WBHH 


.OTSIl 


:SB23S9 


3S 




.800409 


.gsaiu 


.esrssB 


JS9UU 




sa 






B-SHaSHB 


.93 


B.ii3sm 


0.M16O9 










.9S2H3 
















.9in'»8 














'.&.i[S7n 


4:flj 


.9fien3 


:w 














.9eiii78 


:o39(i-« 




'.sGtam 






'.sunao 


4.«i 








.1}1IS73 


2.1 


i 




!Maw7 












4!^l 


!96I9I<7 








!3i7,-JJI(l 






\B03Xa 


.9fiL9U2 




leiuM 


6!73 




SI 




o.snassi 






:m 


1&II74T 


S;| 








,Btu-wa 


4;m) 






.307u(n( 






,6irti7n 






.3li7.-«l 






.6(l«fl7 








.307223 








4:79 






.auM) 


16 1 






!%iris>t 


1 


Isisica 


fi:7i 


.ai6037 




48 


.aiMia 




.98 Iil3 


.(M3«fi 


.3.-*IW 




4^ 


laooaga 


4>rf 


JK lIKi 




ei™ 


,a.ivii3 


jjj 








.98 31S 


:fi3 




.3GSI6d 










9.3Glon 




8.89 

li.iia 
a.eo 




in 






4>0 






.615516 








,807(138 




:fa 




.35JII3 






.0(i73-ja 








.35:Nrii 




fi' 




CTS 


!q6 01L 
.98n>SG 


'SfS? 


'w 


.;i:-^(in 


f- 












.E3 
5.117 


;3.Jli77S 










.gsnsM 










"S 


!6(S7^B 


4 73 


.90(fi43 


!tli 


!r 173(13 


'.Miiii 


2 1 


<HI 


ifiinisia 


<.73 


ias^naii 


.HI 


!iIh^^^ 




\4^ 


mT 


c™!™. 


El". 


m«.: 


D. I"- 


"i'Lulil^ 


b.V". 


\ Tinii. 



198 

84rO 



TABLE XIII. LOGARITHMIC SINES, 



155*- 



// 



M. 


I 

2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 

ir> 

16 
17 
IS 
19 

20 
21 
22 
2:J 
21 

2r> 

26 
27 
2S 
29 

30 
31 
32 
33 
34 
35 
.W) 
37 
3S 
39 

40 
41 
42 
43 
44 
45 
46 
47 
4S 
49 

50 
51 
52 
53 
51 
55 
56 
57 
5S 
59 



Siao. 



9.609313 
.6()9.-)97 
.609SS0 
.610161 
.610147 
.610729 
.611012 
.611294 
.611576 
.611858 

9.612140 
.612121 
.612702 
.6129S3 
.613264 
.613545 
.613S25 
.614105 
.6143S5 
.614665 

9.611944 
.615223 
.615.502 
.6157^1 
.616080 
.6I63:H 
.616616 
.6lfi>59l 
.617172 
.6171.J0 

9.617727 
.618001 
.6182S1 
.OI.S^'mS 
.6I8S31 
.619110 
.6193-^6 
.619662 
.61<)93S 
.620213 

9.6201.S8 
.620763 
.62I03S 
.621313 
.62!5S7 
.621861 
.622135 
.6-^^109 
.62-2(>S2 
.622956 

9.623229 
.623.502 
.623774 
.621017 
.621319 
.621591 
.62tS63 
.62'>I35 
.625106 
.625677 



D. 1". 



4.73 
4.72 



4. 
4. 
4. 
4. 
4. 
4. 



.72 
.72 
.71 
.71 
.71 
.70 
4.70 
4.69 



I 



M. I Cosine. I 



4.69 
4.69 
4.68 
4.68 
4.68 
4.67 
4.67 
4.67 
4.66 
4.66 

4.65 
4.6:> 
4.65 
4.64 
4.61 
4.64 
4.63 
4.63 
4.63 
4.62 

4.62 
4.61 
4.61 
4.61 
4.6!) 
4.6') 
4.60 
4.59 
4., 59 
4.59 

4.58 
4.5S 
4. 58 
4.57 
4.57 
4.57 
4. .'56 
4.5<5 
4.56 
4.r,5 

4.55 
4.54 
4.54 
4.54 
4.53 
4.53 
4.53 
4.52 
4.52 
4.52 



D. I". 



Cosine. 



9.960730 
.960674 
.960618 
.960561 
.960505 
.960448 
.960392 
.960335 
.960279 
.960222 

9.960165 
.960109 
.960052 
.959995 
.95993S 
.959S82 
.95982.'> 
.95976S 
.959711 
.9596M 

9 959596 
.959539 
.959482 
.959425 
.959363 
.959310 
.959253 
,959195 
.959133 
.959080 

9.959023 
.95S965 
.958903 
.958350 
.953792 
.9587.31 
.953677 
.953619 
.953561 
.953.303 

9.953145 
.953337 
.9.53:«9 
.953271 
.953213 
.9.53154 
.953096 
.958038 
.957979 
.957921 

9.957863 
.957801 
.957746 
.957687 
.957628 
.957570 
.957511 
.957452 
.957393 
.9573.^5 
.957276 



Sino. 



D. 1". 



.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 
.94 

.95 

.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 
.95 

.95 
.95 
.95 
.95 
.96 
.96 
.96 
.96 
.96 
.96 

.96 
.96 
.96 
.96 
.96 
.96 
.96 
.97 
.97 
.97 

.97 
.97 
.97 
.97 
.97 
.97 
.97 
.97 
.97 
.97 

.97 
.98 
.93 
.98 
.93 
.93 
.98 
.93 
.93 
.98 



Tang. 



9.648583 
.643923 
.649263 
.649602 
.649942 
.6:50231 
.65(J620 
.650959 
.651297 
.651636 

9.651974 
.652312 
.6:'>2650 
.652938 
.653326 
.653663 
.6540CK) 
.654337 
.654674 
.655011 

9.65.5348 
.65;',634 
.6.56r>20 
.656.356 
.656692 
.657028 
.657364 
.657699 
.658034 
.658369 

9.6.5S704 
.6590.39 
.659373 
.659708 
.660012 
.660376 
.66f)710 
.66 If (43 
.661377 
.661710 

9.66-2043 
.66-2376 
.662709 
.663042 
.663.375 
.663707 
.661039 
.664371 
.664703 
.665035 

9.665366 
.665698 
.6660-29 
.666360 
.666691 
.667021 
.667352 
.667682 
.66>^13 
.66«5313 
.663673 



D. 1'. 



5.67 
5:66 
6.66 
5.66 
5.65 
5.65 
5.65 
5.61 
5.61 
5.64 

5.64 
5.63 
5.63 
5.63 
5.62 
5.62 
5.62 
5.62 
5.61 
5.61 

5.61 
5.61 
5.60 
5.60 
5.60 
5.59 
5.59 
5.59 
5.53 
6.53 

5.53 
5.53 
5.57 
5.57 
,5.57 
5.56 
5.56 
5.56 
5.56 
5.55 

5.55 
5.55 



>. > 



1 

5.5-1 
5.51 
5..''. 4 
5.53 
5.53 
5.. -3 
5.53 

5.52 
5.52 
5.52 
5.51 
5.51 
5.51 
5.51 
5.. 50 
5. .50 
5. .50 



Cotang. 



0.351117 
.a5l077 
.350737 
.350398 
.35(K)58 
.319719 
.349380 
.319041 
.348703 
.348364 

0.348026 
.347688 
.347350 
.347012 
.^46674 
.346337 
.346000 
.345663 
.345326 
.344989 

0.344652 
.344316 
.343930 

..•«:36^14 
.313308 
.312972 
.3126;% 
.3-12301 
.341966 
.341631 

0.3-11296 
.310961 
.:}40627 
.310292 
.339953 
.3:^96-24 
.a39290 
.333957 
.3336•^3 
.:«3290 

0.a37957 
.337621 
.:«7291 
.336958 
.3:^62-) 
.3.3629.3 
.335961 
.335629 
.335297 
.33196) 

0.3:11634 
.3313)2 
.33:{971 
.3.33610 
.333;i09 
.332979 
.332(;48 
.33-2:il8 
.331087 
.a3I657 
.331327 



D.l".\ Cota.i\6. \ D.\». \ Tang. | 



M. 
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59 
58 
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56 
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53 
62 
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50 
49 
48 
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46 
45 
44 
43 
42 
41 

40 
39 
33 
37 
36 
35 
34 
33 
32 
31 

30 
29 
23 
27 
26 
25 
24 
23 
22 
21 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 

10 
9 
8 
7 
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TABLE XIU. LOGARITHMIC SINES, 



M. 




1 
2 
3 

4 
o 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
13 
19 

20 
21 
22 
2,3 
24 
25 
26 
27 
28 
29 

30 
31 
82 
33 
34 
35 
36 
37 

as 

39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 
53 
54 
55 
56 
57 
5S 
5'J 
GO 



Sine. 



9.641812 
.642101 

Mt\m 

.ei26l8 
.612377 
.643135 
.613393 
.6136r)0 
.6139(J8 
.644165 

9.644123 
.614630 
.614y:J6 
.645193 
.645150 
.645706 
.615962 
.616213 
.646174 
.610729 

9.646934 
.647210 
.647494 
.647749 
.648004 
.618258 
.648512 
.643766 
.649020 
.649274 

9.649527 
.649781 
.650034 
.650237 
.650539 
.650792 
.■651014 
.651297 
.651549 
.651800 

9.652052 
.652:304 
.6.52555 
.6.52806 
.653057 
.65.3303 
.653553 
.6.5330.3 
.654059 
.654309 

9.65^1553 
.654303 
.655058 
.65.5307 
.6.'>.55.56 
.655305 
.636^)54 
.656302 
.656551 
.656799 

.6r>7()47 



D. 1". 



4.32 
4.31 
4.31 
4.31 
4.30 
4.30 
4.30 
4 29 
4.29 
4.29 

4.28 
4.28 



23 
27 
27 
27 
26 
26 
26 
26 



4.25 
4.25 
4.25 
4.24 
4.24 
4.24 
4.23 
4.23 
4.23 
4.22 

4.22 

4.22 
4.22 
4.21 
4.21 
4.21 
4.20 
4.20 
4.20 
4.19 

4.19 
4.19 
4.13 
4.18 
4.18 
4.18 
4.17 
4.17 
4.17 
4.16 

4.16 
4.16 
4.15 
4.15 
4.15 
4.15 
4.14 
4.14 
4.14 
4.13 



'/ ^I.l Cosine. I B.l", 



Cosine. 



9.U53GC0 
.95a">99 
.953537 
.953175 
.953413 
.953352 
.953290 
.95;J228 
.953166 
.953104 

9.953042 
.952930 
.952918 
.952355 
.952793 
.952731 
.952669 
.952606 
.9.52544 
.952431 

9.9,52119 
.952356 
.952294 
.952231 
.952163 
.952106 
.952043 
.951930 
»951917 
.951854 

9.951791 
.951723 
.951665 
.951602 
.951.539 
.951476 
.951412 
.931349 
.9.TI236 
.951222 

9.9511.59 
.951096 
.951032 
.9.50963 
.950905 
.9.10341 
.950778 
.950714 
.9.50650 
.950586 

9.950522 
.950153 
.9r)0394 
.950330 

, .950266 
.950202 
.950133 
.950074 
.950010 
.949945 
.949331 



Sine. 



D. 1". 



1.03 
1.03 
1.03 
L03 
1.03 
1.03 
L03 
103 
1.03 
1.03 

1.03 
1.04 
l.(W 
1.04 
l.(H 
1.01 
1.04 
1.01 
1.01 
1.04 

I.Ol 
1.01 
1.04 
1.04 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.06 
1.06 
1.06 

1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 

1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 



Tang. 



9.633182 
.633,502 
.633323 
.689143 
.6S9463 
.639783 
.690103 
.690423 
.690742 
.691062 

9.691381 
.691700 
.692019 
.692338 
.692656 
.692975 
.693293 
.693612 
.693930 
.694218 

9.694566 
.694333 
.69.^201 
.695518 
.695336 
.6961.53 
.696470 
.696737 
.697103 
.697420 

9.697736 
.693053 
.693.369 
.6936^5 
.699001 
.699316 
.6996:i2 
.699947 
.7(K)263 
.700578 

9.700S93 
.701208 
.701523 
.701337 
.7021,52 
.702466 
.702781 
.70.3095 
.703'»'»9 
.703722 

9.701036 
.701.350 
.704663 
.704976 
.705290 
.70r)6n3 
.705916 
.706223 
.706511 
.706354 
.707168 



D. 1". 



1).1".\ Colatvs. 



5.34 
6.34 
5.34 
5.a4 
6.a3 
5.33 
5.33 
6.33 
5.32 
5.32 

5.32 
6.32 
6.31 
5.31 
5.31 
5.31 
5.30 
5.30 
5.30 
5.30 

5.29 
5.29 
5.29 
5.29 
5.29 
5.23 

5.as 

5.23 

6.as 

5.27 

5.27 
5.27 
5.27 
5.26 
5.26 
5.26 
5.26 
5.26 
5.25 
5.25 

5.25 
5.25 
5.24 
5.24 
5.24 
5.24 
5.24 
5.23 
5.23 
5.23 

5.23 
5.22 
6.22 
5.22 
5.22 
5.22 
5.21 
5 21 
6.21 
5.21 



Cotang 



\ D.l". 



0.31181 
.31149 
.31117 
.31035 
.31053 
.31021 
.30939 
.30957 
-3092n 
.30693 

0.30861 
.30830 
.30798 
.30766 
.30734 
.30702 
.3067U 
.3n63S 
.30607 
.30575 

0.30543 
.30511 
.30479 
.30445 
.30416 
.303^ 
30352 
.30321 
.3i)23£ 
.3025t 

0.302a 
.3019^ 
.3016: 
.30131 
.SOOK 
.3006; 
.3003C 
.3000£ 
.29975 
.2994-^ 

0.2991C 
.29879 
.29847 
.29816 
.29784 
.29753 
.29721 
.29690 
.296.59 
.29627 

0.29596 
.29565 
.29533 
.29502 
.29471 
.2»}39 
.29408 
.29377 
.29345 
.29314 
.29283 



Tang. 



//«j 



302 

»80 



TABLE XIII. LOGARUHMIC SINES, 




i 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
16 
16 
17 
IS 
19 

90 

21 
22 
2:) 
24 

2r. 

26 
27 
28 
29 

30 
31 
.-12 
33 
34 

:» 
a: 
:\< 
:w 

40 
41 
42 
4< 
4t 
4,^ 
46 
47 
4^ 
4^ 



I •• 



I. ^: 



sine. 



« 



9.671609 
.671847 
.672(fc« 
.672321 
.672ik'VS 
.672795 
.673032 
.673268 
.67:J,')05 
.673741 

9.67:K)77 
.674213 
.674148 
.674684 
.674919 
.675155 
.675iW() 
.675624 
.67aS.">9 
.676094 

9.676328 
.676562 
.676796 
.6r7lKft> 
.677261 
.67749^ 
.677731 
.677964 
.67v*il97 
.675^30 

9.67S663 
.67S895 
.679 1 2:^ 
.679360 
.679.-^92 
.679S24 
.6^XV.6 

.6^>750 

9.6^X>^ 
.6-^1213 
.6>i!44l 
.6>16:4 

.6^135 
.«^^> 

,6*8525 
.<^^3l\\5 

9.6<.1>^ 
.6^V^i4 

.6>3:J^.J 
.6<4Atl 
.6<442H 

.SM^^7 



D. 1". 



3.96 
3.96 
3.95 
3.95 
3.95 
3.94 
3.91 
3.91 
,3.94 
3.93 

3.93 
3.93 
3.93 
3.92 
3.92 
3.92 
3.91 
3.91 
3.91 
3.91 

3.90 
3.1K> 
3.iK) 
3.i)0 

3.Ni> 

3.89 
3.S8 
3. 88 
3.88 

3.88 
3.87 
a87 
:i87 
3.87 
a 86 
3.86 
3.86 
3.86 

a85 
a 85 

a<4 
a84 
a<4 
a<4 
a83 
asi 

a 8:1 

a83 

a82 
a 82 
a 82 
a82 
a 81 
a8i 
asi 
a>»> 
a^> 
a>ii 



Cosine. 



(\vfiw. 



i\l 



9.945935 
.945868 
.945800 
.9157;« 
.94.')G66 
.945598 
.W5,331 
.iM5464 
.945396 
.iM532S 

9.915261 
.945193 
.945125 
.945058 
.944990 
.944922 
.941854 
.944786 
.944718 
.944650 

9.914582 
.944514 
.911446 
.914:r7 
.941.109 
.944211 
.941172 
.941UM 
.9441136 
.943967 

9.94^599 
.9I3nW 
.W3761 

.9i:W24 
.94:tV>5 
.W3486 

.m;ui7 

.943:148 

9-94-^2ia 
.W«141 
.943 '72 
.^3>Xl 
.9t29:M 

.9427 jC» 

.s^2^26 

.942^VS 

.9iav?r 

9. ?«."!? 
.94244>i 

.9r::r< 
.9^^^^ 

.94215,^ 
.?42 W 

.94:>^i» 
,94 1 -^-^ 



D. 1". 



1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.13 
1.13 
1.13 

1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 

1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 

1.14 
1.14 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 

1.15 
1.15 
1.15 
1.15 
1.15 
1. 16 
1.16 
1.16 
1.16 
1.16 

1.15 
1.16 
1.15 
I 16 
1.16 
1-16 
1.15 
1.17 
1.17 
1.17 



B,V. 



Tang. 



D. 1". 



9.725674 
.725979 
.726284 
.726.>88 
.726892 
.727197 
.727501 
.727805 
.728109 
.72^412 

9.728716 
.729020 
.729323 
.729626 
.729929 
.73<1233 
.730535 
.730538 
.731141 
.731444 

9.731746 
.732018 
.732351 
.732653 
.7329.55 
.733257 
.733558 
.733860 
.7ail62 
.734463 

9.734764 
.735066 
.735."?67 
.rA-»66S 
.7:r.969 
.736269 
.736570 
.736^70 
.737171 
.737471 

9.7X771 
.738071 
.738371 
.73^71 
.7;V^71 
.73^271 
.T»57a 
.73i»<70 
.740169 : 
.74*468 i 

9.7*TCK- I 
.741'.>66 ■ 
.741^5 
.741664 

.74:;^ 

.74>KI 

.742.V.i» . 

,74i8">S 

.74^1^6 

.743454 

.74.T.=c: 



5.08 
5.03 
5.07 
5.07 
5.07 
5.07 
5.07 
5.06 
5.06 
5.06 

6.06 
5.06 
5.05 
6.05 
5.05 
5.05 
5.05 
5.05 
5.04 
5.01 

5.W 
5.04 
5.04 
5.(»3 
5.03 
6.03 
5.03 
6.03 
5.02 
6.02 

5.02 
6.(^2 
5.02 
6.01 
5.01 
5.01 
6.01 
6.01 
5.01 
5.U) 

5.00 
5.00 
5.CO 
5.00 
4.99 
4.99 
4.99 
4.99 
4.99 
4.dkS 

4.9S 
4d> 

4.SK 

4iK 

4.98 
4.i*7 
4.^7 
4 97 
4S' 
4i*r 



Cotanf 

0.2743i 
.27405 
.2737] 
.27*41 
.2r3l( 
.2728( 
.27241 
.2721J 
.27181 
.27156 

0.27i2J 
.2709c 
.27067 
.27037 
.27007 
.2697e 
.2694C 
.269U 
.2588£ 
.26d5£ 

0.26.823 

.267« 
.26764 
.26734 
.26704 
.26674 
.26&44 
.26614 
.26583 
.26553 

0.26523 
.26493 
.26163 
.26433 
.26403 
.26373 
.2«»43 
.26313 
.2628a 
.26252 

0.26222 
.26192 
.26162 
.26132 
.26102 
.96072 
,26(M3 
.26013 
.259^ 
.25^3 

a2.T9» 
.«^893 
,2.%863 
.«.>833 
.2^8n3 



,:a.^44 
.25714 
.^^^ 
.2.16.^ 



C^tten;:, 1>.1», . T^n^. 



/# 
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TABLE XIII. LOGARITHMIC SINES, 



M. 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
» 
25 
26 
27 
23 
29 

30 
31 
32 
33 
31 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 
61 
52 
53 
54 
55 
56 
57 
68 
59 
60 . 

: I 



Sino. 




9.724210 
.724412 
.724GI4 
.724-16 
.725017 
.72.>2l'J 
.725420 
.725622 
.725823 
.726024 

9.726225 
.72&12G 
.726626 
.726S27 
.727027 
.727228 
.727^23 
.727628 
.727828 
.728027 

9.72S227 

.728427 
.728626 
.728825 
.729024 
.729223 
.729122 
.729621 
.729820 
.730018 

9.730217 
.730415 
.730613 
.73081 1 
.731009 
.731206 
.731404 
.731602 
.731799 
.731996 

9.732193 
.732390 
.732587 
.732784 
.732980 
.733177 
.733373 
.733569 
.733765 
.733961 

9.734157 
.734353 
.734549 
.734744 
.731939 
.735135 
.7a')a30 
.735525 
,735719 

.7:r.9i4 

.736109 



D. 1". 



3.37 
3.37 
3.36 
3.36 
3.36 
3.36 
3.36 
3.35 
3.35 
3.35 

3.35 
3.34 
3.31 
3.34 
3.34 
3.a4 
3.33 
3.33 
3.33 
3.33 

3.33 
3.32 
3.32 
3.32 
3.32 
3.31 
3.31 
3.31 
3.31 
3.31 

3.30 
3.30 
3.30 
3.30 
3.30 
3.29 
3.29 
3.29 
3.29 
3.28 

3.28 
3.28 
3.28 
3.28 
3.27 
3.27 
3.27 
3.27 
3.27 
3.26 

3.26 
3.26 
3.26 
3.26 
3.25 
3.25 
3.25 
3.25 
3.25 
3.^ 



Cosine. \ D.V. 



Cosine. 



9.928420 

.928263 
.92-1-3 
.92S104 
,9^sir/!5 
.927946 
.927^67 
.927787 
.927708 

9.927629 
.927549 
.927470 
.927390 
.927310 
.927231 
.927151 
.927071 
.926991 
.926911 

9.926S31 
.926751 
.926671 
.926591 
.926511 
.926431 
.926.351 
.926270 
.926190 
.926110 

9.926029 
.92;')949 
.925808 
.92.-)788 
.925707 
.925626 
.925545 
.92{->465 
.9253S4 
.9-25303 

9.925222 
.925141 
.925060 
.924979 
.9iM897 
.924816 
.924735 
.924654 
.924572 
.924491 

9.924409 
.924328 
.924246 
.924164 
.924083 
.924001 
.923919 
.923837 
.923755 
.923673 
.923.191 



Sine. 



D. 1". 



1.32 
l.:« 
1.32 
1.32 
1.32 
I.:J2 
1.32 
1.32 
1.32 
1.32 

1.32 
1.33 
l.:i3 
1.33 
1.33 
.33 
1.33 
1.33 
1.33 
1.33 

1.33 
1.33 
l.:i3 
1.34 
1.34 
1.34 
1.34 
1.34 
I. .34 
1.34 

1 



34 
1.34 
1.34 
1.34 
1.35 
1.35 
1.35 
1.35 
1.35 



1.35 

1.36 
1.35 
1.35 
1.35 
1.35 
1.35 
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1.36 
1.36 

1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.36 
1.37 
1.37 
1.37 



D.l". 



Tang. 



9.795789 
.796070 
.796:351 
.7U6632 
.796913 
.797194 
.7«J7474 
.797755 
.798036 
.798316 

9.798596 
.798877 
.799 1. '■.7 
.799437 
.799717 
.799997 
.600277 
.600557 
.600836 
.801116 

9.601396 
.601675 
.801955 
.802234 
.602513 
.802792 
.803072 
.803351 
.60.3630 
.803909 

9.804167 
.804466 
.604745 
.805023 
.805302 
.805560 
.805859 
.806137 
.806415 
.806693 

9.806971 
.807249 
.807527 
.8076a5 
.808063 
.808361 
.80';638 
.808916 
.809193 
.809471 

9.809748 
.810025 
.810302 
.810580 
.8iaS57 
.811134 
.811410 
.811687 
.811964 
.612241 
.812.517 



Cota&£ 



D. 1" 



4.63 
4.68 
4.63 
4.68 
4.6.8 
4.68 
4.68 
4.68 
4.67 
4.67 

4.67 
4.67 
4.67 
4.67 
4.67 
4.66 
4.66 
4.66 
4.66 
4.66 

4.66 
4.C6 
4.66 
4.65 
4.65 
4.65 
4.05 
4.65 
4.65 
4 Go 

4.65 
4.64 
4.64 
4.64 
4.64 
4.61 
4.64 
4.64 
4.64 
4.63 

4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.63 
4.62 
4.62 
4.62 

4.62 
4.62 
4.62 
4.62 
4.62 
4.61 
4.61 
4.61 
4.61 
4.61 



D.l» 



Cotan 

0.2042 
.2039 
.2036 
.2(133 
.2030 
.2(i2t 
.2025 
.2(r22 
.2019 
.2016 

0.2014 
.2011 
.2006 
.2005 
.2002 
.2000 
.1997 
.1994 
.1991 
.1988 

0.1966 
.19-3 
.I9.S0 
.1977 
.1974 
.1972 
.1965 
.1966 
.196.-^ 
.196C 

0.1955 
.195.' 
.196i 
.194i 
.194( 
.194. 
.1941 
.193J 
.193; 
.193: 

0.1 93( 
.192: 
.192^ 
.192] 
.I91i 
.191( 
.I9i: 
.19I( 

.ig« 

.190,' 

0.1905 
.189! 
.169( 
.189^ 
.189. 
.18« 
.I88J 
.188: 
.I8S( 
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D. 1'. 

4.^4 
4. -t 
4.>1 
4 '4 
4 --4 
4ryi 

4.>3 
4. "3 
4.:i3 

4.:'3 

4.-3 
4.-3 
4.-»3 
4..-)3 
4..-.t 
4..')2 
4 :V2 
4.-2 
4.. -12 

4. =32 
4.. -'2 
4.0-2 
4.. -2 
4.r,2 
432 
4.51 
4..'>1 
4.51 
4.51 

4.51 
4.51 
4.51 
4.51 
4.51 
4.51 
4.50 
4.. 50 
4.50 
4.50 

4-50 
4.5(J 
4.50 
4.50 
4..')0 
4.49 
4.49 
4.49 
4.49 
4.49 

4.49 
4.49 
4.49 
4.4.1 
4.49 
4.49 
4.4S 
4H 
4.4S 
4.4 i 



.17'jr40 

.170195 
.I6.<<23 
.16.*651 
.16.1379 
.16.M>17 
.16ii>35 

0.16S29! 
.16^19 
.167747 
. 1 67475 
.167-204 
.IG6932 
.I666G1 
.1663^9 
.1661 IS 
.163S46 

0.163575 
.165314 
.16--»033 
.161762 
.164491 
.161220 
.16-3949 
.163678 
.163107 
.163136 

0.I62S66 
.I625«J5 
.162325 
.162054 
.1617/*! 
.161513 
.161243 
.160973 
.160703 
.160432 

0.160162 
.1.59592 
.159622 
.ir)93i'i2 
.159033 

.ir>ssi3 

.158543 
.153273 
.158004 
.1577^1 

0.157463 
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.156926 
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.I56ns 
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Bine. 



M. 



9.768G91 
.758772 
.768968 
.769138 
.799312 
.769492 
.769672 
.759862 
.70OU31 
.760211 

9.7609DO 
•/amxitf 
.760748 
.760927 
.761106 
.761285 
.7614ei 
.761642 
.761321 
.761999 

9.7C2177 
.762ai6 
.762531 
.768712 
.762S89 
.763(167 
.763245 
.763422 
.763600 
.763777 

9.763954 
.764131 

.7643(H 

.764662 
.764.S.33 
.76o«I5 
.765191 
.765367 
.765541 

9.765720 
.76.5896 
.766072 
.7662-17 
.766423 
.766593 
.766774 
.766W9 
.767121 
.767300 

9.767475 
.767619 
.767824 
.767999 
.76S173 
.768318 
.763522 
.763697 
.763371 
.769046 
.769219 

Codnt. 



D.l« 



&01 
8.00 
S.00 
8.00 
8.00 
&00 
2.99 
2.99 
2.99 
2.99 

2.99 
2.99 
2.96 
2.96 
2.96 
2.98 
2.98 
2.97 
2.97 
2.97 

2.97 
2.97 
2.97 
2.96 
8.96 
2.96 
2.96 
2.96 
2.95 
8.96 

2.95 

2.95 

2.95 
2.95 
2.94 
2.M 
2.94 
2.94 
2.91 
2.93 

2.93 
2.93 
2.93 
2.93 
2.93 
2.92 
2.92 
2.92 
2.92 
2.92 

2.91 
2.9; 
2.91 
2.91 
2.91 
2.91 
2.90 
2.90 
2.90 
2.90 



Oorine. 



9.913365 
.913276 
.913187 
.913099 
.913010 
.912922 
.912833 
.912»4 
.912865 
.912666 

9.91M77 
.912338 
.912899 
.912210 
.912121 
.912031 
.911942 
.911863 
.911763 
.911674 

9.911664 
.911495 
.911406 
.911316 
.911886 
.911186 
.911046 
.910966 
.910866 
.910776 

9.910688 
.910596 
.910506 
.91(m5 
.910325 
.910235 
.910144 
.910054 
.909963 
.909873 

9.909782 
.909691 
.909601 
.909510 
.909119 
.909328 
.909237 
.909146 
.909055 
.908964 

9.903S73 
.90S781 
.908690 
.9n^>99 
.909507 
.908416 
.9aS324 

.9as2:« 

.908141 
.903049 
.907958 



Sim. D.P, 



D.1*. 



1.47 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 

1.48 
1.48 
1.49 
1.49 
1.49 
1.49 
1.49 
1.49 
1.49 
1.49 

1.49 
1.49 
1.49 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 
1.60 

1.50 
1.50 
1.50 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 
1.51 

1.51 
1.51 
1.61 
1.51 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 

1.52 
1.52 
1.52 
1.52 
1.52 
1.53 
l..'i3 
1.53 
J. 63 
1.53 



Staf- 



9.846227 
.846496 
.8467M 
.M6033 
.846afi 
.6(6670 
346839 
.847108 
.847376 
.847644 

9.847918 
.848181 
.848449 
.848717 
.848986 
.849264 
.849688 
.849790 
.860087 
.860325 

9.860693 
.oBIRIdI 
.861129 
.851396 
361664 
361981 
352199 
.868466 
362733 
363001 

9.863868 
.853535 

.853S02 
.H54( 69 
.854336 
.851G03 
.851870 
.855137 
.a554()l 
.856671 

9.855933 
.8562()4 

.a-.&i7i 

.856737 
.857004 
,857270 
.a')7537 
.857803 
.858069 
.858336 

9.a'>S602 
.858863 
.a'59131 
.859400 
.859666 
.859932 
.860198 
.86(M&1 
.8607.^0 
.860995 
.861261 

Gotaog. 



V.V. 



4.48 
4.48 
4.49 
4.48 
4.48 
4.48 
4.48 
4.47 
4.47 
4.47 

4.47 
4.47 
4.47 
4.47 
4.47 
4.47 
4.47 
4.46 
4.46 
4.46 

4.46 
4.46 
4.46 
4.46 
4.46 
4.46 
4.46 
4.46 
4.46 
4.46 

4.45 



45 
45 
45 
45 
45 
45 
45 
45 
44 
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4.44 
4.44 
4.44 
4.44 
4.44 
4.44 
4.44 

4.44 
4.43 
4.43 
4.43 
4.43 
4.43 
4.43 
4.43 
4.43 
4.43 



D. 



«M 



Colnf. 



a 164773 


60 


.164604 


69 


.164836 


68 


.163967 


67 


.168698 


66 


168430 


66 


.163161 


64 


.168898 


63 


.168624 


62 


.168366 


61 


0.168087 


60 


.161819 


49 


.161661 


48 


.161863 


47 


.161014 


46 


.160746 


46 


.160478 


44 


.160810 


43 


.149943 


42 


.149676 


41 


0.149407 


40 


.149139 


39 


.148871 


38 


.148604 


87 


.146336 


86 


.148069 


36 


.147801 


34 


.147634 


33 


.147267 


32 


.146999 


81 


0.146732 


30 


.146465 


29 


.146198 


28 


.1459:n 


27 


.14.'-)664 


26 


.115397 


25 


.145130 


24 


.141863 


23 


.144596 


22 


.144329 


21 


0.144062 


20 


.J 43796 


19 


.143,529 


18 


.143263 


17 


.142996 


16 


.142730 


15 


.14^63 


14 


.142197 


13 


.141931 


J 2 


.141664 


11 


0.141398 


10 


.141132 


9 


.140666 


8 


.140600 


7 


.1403:M 


6 


.140068 


5 


.i:{9802 


4 


.1.395;J6 


3 


.139270 
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.139005 


1 


.138739 






-irW 



85-> 



TABLE XUI. LOGARITHMIC SUKES, 
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M. Sine. 



:>:• 



9.7GJ2I9 
.76y:W3 

.769710 
.769913 
.770(H7 
.77()26() 
.77043.3 
.770606 
.770779 

9.7709.'>2 
.771 12.') 
.771298 
.771470 
.771813 
.771815 
.771987 
.772ir.9 
.772331 
.772503 

9.772675 
.772847 
.773018 
.773190 
.77:n61 
.773533 
.773701 
. I . -i^ J) 

.7rii)}6 

.771217 

9.7743SS 
.771558 
.771729 
.774^99 
.775070 
775210 
.77:5410 
.7755S0 
.775750 
.775920 

9.776090 
.776259 
.776129 
.776598 
.776768 
.776937 
.777106 
.777275 
.7774 i4 
.777613 

9.777781 
.777950 
.778119 
.778287 
.778455 
.778621 
.77.^792 
.778960 

.779128 

.779295 

.770163 



D. 1". 



2.00 
2.90 
2.89 
2.89 
2.89 
2.89 
2.89 
2.88 
2.88 
2.83 

2.88 
2.88 
2.88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 
2.86 

2.86 
2.86 
2.86 
2..^ 
2.85 
2. 85 
2..S5 
2.85 
2. .85 
2.85 

2.^4 
2.^4 
2.-^1 
2.^1 
2.>54 
2.^1 
2.*'3 
2. S3 
2.83 
2.83 

2.83 
2.H3 
2.82 
2.82 
2.82 
2.82 
2.82 
2.82 
2.81 
2.81 

2.81 
2.81 
2.81 
2.81 
2.<T) 
2.80 
2.80 
2.80 
2.80 
2.79 



Cosine. I D. 1". 



Cosine. 



9.907953 
.907866 
.907774 
.907682 
.907590 
.907498 
.907406 
.907314 
.907222 
.907129 

9.907037 
.906945 
.906852 
.906760 
.9;»6667 
.906575 
.906182 
.906389 
.9f)6296 
.906204 

9.906111 
.906r)18 
.905925 
.9;).5<32 
.905739 
.905615 
.905.5.52 
.905459 
.(M>5366 
.905272 

9.905179 
.905085 
.901992 
.904898 
.9(W804 
.9fM71 1 
.901617 
.901523 
.9044-29 
.904335 

9.904241 
.904147 
.9010.53 
.90;i959 
.903864 
.903770 
.90.3676 
.903581 
.903187 
.903392 

9.9f)3298 
.903203 
.903108 
.903014 
.902919 
.902824 
.902729 
.902634 
.902539 

.902:319 



D. 1". 



..53 
.53 
.63 
.53 
.63 
.53 
.54 
.54 
.54 
.54 

.54 
.54 
..54 
.54 
.54 
.54 
..55 
.55 
.55 
.55 

.55 
.55 
.55 
..55 
.55 
.55 
.55 
.56 
.56 
.56 

.56 
..56 
..56 
.56 
..56 
.56 
..56 
..57 
.57 
.57 

..57 
.57 
..57 
.57 
57 
.57 
.57 
.57 
.58 
.53 

.58 
.53 
.53 
.53 
.53 
..58 
.58 
.53 
.59 
.59 



Tang. 

9.861261 
.861527 
.861792 
.862058 
.8623-23 
.862589 
.862854 
.863119 
.86.3385 
.663650 

9.863915 
.864180 
.861445 
.861710 
.861975 
.86.5240 
.86.5.505 
.865770 
.8660a5 
.866300 

9.866564 
.866829 
.867091 

.867623 
.867887 
.P681.52 
.868-116 
.868680 
.868915 

9.869209 
.869173 
.8697.37 
.87(KKH 
.870265 
.870529 
.870793 
.871057 
.871321 
.871585 

9.87IS49 
.872112 
.872376 
.872640 
.872903 
.873167 
.873430 
.87.3694 
.873957 
.874220 

9.874481 
.871747 
.875010 
.875273 
.875537 
.87.5800 
.876063 
.876326 
.876589 
.8768.52 
.877114 



Sbie. 1 D.l».\ Cotaaft. 



D. 1". 



4.43 
4.43 
4.43 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 

4.42 
4.42 
4.42 
4.42 
4.42 
4.41 
4.41 
4.41 
4.41 
4.41 

4.41 
4.41 
4.41 
4.41 
4.41 
4.41 
4.41 
4.41 
4.40 
4.40 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 

4.40 
4.39 
4.39 
4.39 
4.39 
4.39 
4.39 
4.39 
4.39 
4.39 

4.39 
4.39 
4,39 
4.39 
4.33 
4.. 38 
4..33 
4.33 
4.33 
4.33 



Cotang. 



\ li.l". 



0.138739 
.ia8473 
.138203 
.137942 
.137677 
.137411 
.137146 
.136381 
.136615 
.136350 

0.136085 
.1^5820 
.135555 
.135290 
.135025 
.134760 
.134495 
.134230 
.133965 
.133700 

0.133436 
.133171 
.13-2906 
.13-2612 
.132377 
.132113 
.131*13 
.131584 
.131320 
.131055 

0.130791 
.t30527 
.1302S3 
.129999 
.129733 
.129471 
.129207 
.12S943 
.123679 
.12*115 

0.12S151 
.127888 
.1276^ 
.127360 
.127097 
.126333 
.126570 
.126306 
.126013 
.125760 

0.125516 
.125253 
.124990 
.1247-27 
.124463 
.121200 
.123937 
.12:K74 
.123111 
.123143 
.122886 
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TABLE XIII. LOGAKITIIMIC SINES, 



U. 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
13 
19 

20 
21 
22 
2,3 
24 
25 
26 
27 
2S 
29 

30 
31 
32 
33 
31 
3o 
36 
37 
38 
39 

40 
41 

42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
52 

4 
6 

6 

.7 

59 
59 



^ine. 



9.7sy312 
.7fc!y5<M 

.789665 
.7W9827 
.789988 
.790149 
.790310 
.790471 
.790632 
.790793 

9.790954 
.791115 
.791275 
.791436 
.791596 
.791757 
.791917 
.792077 
.792237 
.792397 

9.792557 
.792716 
.792876 
.7931J35 
.793195 
,793354 
.793514 
.793673 
.793832 
.793991 

9.794150 
.791308 
.794467 
.794626 
.794784 
.794942 
.795101 
.795259 
.7954 f7 
.795575 

9.795733 
.795891 
.796049 
.796206 
.796364 
.796.')21 
.796679 
.796836 
.796993 
.797150 

9.797.307 
.797461 
.797621 
.797777 
.797934 
.79^091 
.798217 
.79^03 
.79S560 
.79^716 
.79S872 



D. 1". 



2.69 
2.69 
2.69 
2.69 
2.69 
2.69 
2.68 
2.63 
2.63 
2.68 

2.68 
2.6S 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.67 
2.66 

2.66 
2.66 
2.66 
2.66 
2.66 
2.65 
2.65 
2.65 
2.65 
2.65 

2.65 
2.64 
2.61 
2.64 
2.64 
2.64 
2.64 
2.64 
2.63 
2.63 

2.63 
2.63 
2.63 
2.63 
2.62 
2.62 
2.62 
2.62 
2.62 
2.61 

2.61 
2.61 
2.61 
2.61 
2.61 
2.61 
2.61 
2.60 
2.60 
2.60 




Cosine. 



9.S96532 
.896433 
.896335 
.8962:36 
.896137 
.8960;}8 
.895939 
.895840 
.895741 
.895641 

9.89.5.542 
.895443 
.895313 
.8952M 
.895145 
.895f>15 
.891915 
.891846 
.894746 
.891616 

9.894546 
.891446 
.891346 
.891246 
.891146 
.891046 
.893946 
.893846 
.893745 
.893645 

9.893544 
.893-144 
.89a'i43 
.893243 
.893142 
.893041 
.892940 
.892839 
.892739 
.892633 

9.892536 
.892435 
.892.3:3-1 
.8922.33 
.892132 
.892030 
.891929 
.891827 
.891726 
.891624 

9.891523 
.891421 
.891319 
.891217 
.891115 
.S9I0I3 
.890911 
.890809 
.890707 
.8906' »5 
.8905(»3 



D. 1". 



8ine. 



65 
65 
65 
65 
,65 
,65 
.65 
.65 
.65 
.65 

.66 
.66 
,66 
.66 
,66 
.66 
,66 
.66 
.66 
.66 

,67 
.67 
,67 
.67 
,67 
,67 
,67 
.67 
,67 
,67 

,63 
.63 

,68 
.68 
.08 
,68 
,68 
,63 
,63 
.63 

.69 
.69 
.69 
,69 
.69 
.69 
.69 
.69 
.69 
.69 

.70 
.70 
.70 
.70 
,70 
,70 
.70 
.70 
.70 
.70 



Tang. 



9.i'-928I0 
.893070 
.893331 
.893591 
.893851 
.891111 
.894372 
.894632 
.894892 
.895152 

9.895412 
.895672 
.895932 
.896192 
.896452 
.896712 
.896971 
.897231 
.897491 
.897751 

9.898010 
.898270 
.898530 
.898789 
.899(M9 
.899308 
.899563 
.899827 
.9(X)0S7 
.900346 

9.900605 
.90086-1 
.901124 
.901383 
.901642 
.901901 
.902160 
.902420 
.902679 
.902938 

9.303197 
.90:M56 
.903714 
.903973 
.904232 
.904491 
.90^1750 
.90,5008 
.905267 
.905526 

9.905785 
.906043 
.906302 
.906560 
.906819 
.907077 
.907336 
.907591 
.9(»78r)3 
.908111 
.908.?69 



D. 1". 



4.34 
A.'M 
4.24 
4.34 
4.34 
4.34 
4.34 
4.34 
4.33 
4.33 

4.33 
4.33 
4.33 
4.33 
4.33 
4.33 
4.33 
4.33 
4.33 
4.33 

4.33 
4.33 
4.33 



4. 

4. 
4. 
4. 



33 
33 
32 
32 



4.32 



4. 

4. 



32 
32 



4.32 
4.32 
4.32 
4.32 
4.32 
4.32 
4.32 
4.32 
4.32 
4.32 

4.32 
4.:}2 
4.31 
4.31 
4.31 
4.31 
4.31 
4.31 
4.31 
4.31 



4. 
4. 
4, 
4. 
4. 
4. 



31 
31 
31 
31 
31 
31 



4.:n 

4.:>1 
4.31 
4.31 



D.l".\ Cota.Tvft.\ liA". 



Cotang. 

O.I(»7190 
.lt>6930 
.106669 
.106409 
.106149 
.105889 
.105623 
.10.5363 
.105108 
.1045^8 

0.ICM583 
.104323 
.iaiC6S 
.103808 
.103543 
.103283 
.103029 
.102769 
.102509 
.102249 

0.101990 
.101730 
.101470 
.101211 
.100951 
.100692 
.100432 
.100173 
.099913 
.099654 

0.099395 
.099136 
.098876 
.098617 
.098358 
.098099 
.097840 
.097.580 
.097.321 
.097062 

0.096803 
.096544 
.096286 
.096027 
.095768 
.095609 
.0952.50 
.0^1992 
.094733 
.094474 

0.09.1216 
.09.39.57 
.093698 
.093440 
.093181 
.002923 
.092664 
.f>92106 
.092147 
.09188^9 
.091631 
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TABLE Xlll. LOGAUITIIMIC SINES, 



139° 



M. 




Sine. 



9.8080G7 
.803218 
.803368 
.808519 
.808669 
.808819 
.808969 
.809119 
.809269 
.809419 

9.S09569 
.809718 
.809863 
.810017 
.810167 
.810316 
,810465 
.810614 
.810763 
.810912 

9.811061 
.811210 
.811358 
.811507 
.811655 
.811804 
.811952 
.812100 
.812248 
.812396 

9.812.>44 
SI 2692 
.812340 
.812988 
.813135 
.81323a 
.81343f) 
.813578 
.813725 
.813372 

9.814019 
.814166 
.814313 
.814460 
.814607 
.814753 
.814900 
.815046 
.815193 
.815339 

9.81 M55 

.815632 

,815778 

.815924 

.816069 

.816215 

.816361 

.8I6o07 

.816632 

.816793 

.816943 



D 1". 



2.51 
2.51 
2.51 
2.50 
2.50 
2.50 
2.50 
2.60 
2.50 
2.50 

2.49 
2.49 
2.49 
2.49 
2.49 
2.49 
2.48 
2.48 
2.48 
2.43 

2.43 
2.48 
2.43 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 

2.46 
2.46 
2.46 
2.46 
2.46 
2.46 
2.46 
2.45 
2.45 
2.45 

2.45 
2.45 
2.45 
2.45 
2.44 
2.44 
2.44 
2.44 
2.44 
2.44 

2.44 

2.43 

2.43 

2.43 

2.43 

2.43 

2.43 

2.43 

2.42 

2.42 



Cosine. 



'*'■- / Cosine / D. I'f. 






9.88425 J 
.8*1143 
.884042 
.883936 
.883329 
.a33723 
.883617 
.883510 
.88.'«01 
.883297 

9.883191 
.833084 
.882977 
.882371 
.882764 
.832657 
.832550 
.882443 
.882336 
.882229 

9 882121 
.882014 
.881907 
.881799 
.881692 
.881534 
.881477 
.831369 
.as 126 1 
,881153 

9.881046 
.830933 
,H80S3r) 
.830722 

,830505 
.a3(»397 
.830239 
.830180 
.830072 

9.879963 
.879355 
.879746 
.879637 
.879529 
.879420 
.879311 
.879202 
.879093 
.878984 

9,878875 
.878766 
.878656 
.873547 
.878433 
.873323 
.878219 
.873109 
.877999 
.877890 
.877780 



D. 1". 



1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1.77 
1,78 
1,73 

1.78 
1.78 
1.78 
1.73 
1.78 
1.78 
1.78 
1.79 
1,79 
1.79 

1.79 
1.79 
1.79 
1.79 
1.79 
1,79 
1.79 
1.80 
1.80 
1.80 

l.SO 
l.SO 
1.80 
1.80 
1.80 
1.80 
1.81 
1.81 
1.81 
1.81 

1.81 
1.81 
1.81 
1.81 
1.81 
1.81 
1.82 
1.82 
1.82 
1.82 

1,82 

1.82 

1.82 

1,82 

1.82 

1.83 

1.83 

1.83 

1.83 

1.83 



Tang. 



Sine. 



9.923814 
.924070 
.924327 
.924583 
.924840 
.925096 
.925352 
.925609 
.925865 
.926122 

9.926378 
,9266;M 
.926390 
.927147 
.927403 
,927659 
.927915 
.928171 
.928427 
.923634 

9,923940 
.929196 
.929452 
.929703 
.929% 4 
.9:3(>220 
,93(M75 
.930731 
,93(»937 
.931243 

9.931199 
.931755 
,9.32010 
,932266 
,9.32522 
.9.32773 

.933515 
.933300 

9.931056 
.93431 1 
.934567 
.934322 
.935078 
.93,5333 
.935589 
.935344 
.936100 
.936355 

9.936611 
.936366 
.937121 
,937377 
.937632 
.937887 
.933142 
.938393 

\ .939\63 



D, 1". 



Cotang. 



0.076186 
.075930 
,075673 
,076417 
,075160 
.074904 
.074648 
.074391 
.074135 
.073878 

0.073622 
.073366 
,073110 
.07-2853 
.072597 
.072M1 
.072086 
.071829 
.071573 
.071316 

0.071060 
.070804 
.070548 
.070292 
.070036 
.069780 
.069525 
,069269 
,(»69013 
.063757 

0.068501 
,063245 
.067990 
,067734 
,067478 
,067222 
.066967 
,066711 
.066455 
.066200 

0,065944 
.065689 
.065433 
.065178 
.064922. 
.064667 
.064411 
.064156 
.063900 
.063645 

0.0633S9 
.063134 
.062879 
.062623 
.062368 
.062113 
.061358 
.061602 
,061317 
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63 
67 
66 
65 
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62 
61 
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49 
48 
47 
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43 
42 
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38 
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216 
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9 
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11 
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13 
14 
15 
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IS 
ID 

2() 
21 
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2.1 

21 

2.-) 
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27 
2S 

2y 

30 
31 
32 

31 
3.', 
.'{6 
1)7 
3S 

:w 
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•II 
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41 

4r> 

46 
47 
4S 
49 
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51 
52 
53 
51 
55 
56 
57 
5>i 
■M) 
(if 



TABLE Xlll. L03AraTHMlC SINES, 



i: 



Sine. 



O.Ail.lll 

.82.-)7yi 
.8^')931 
.826071 
.82621 1 
.8263") I 
.826191 
.826631 
.826770 

9.826910 
.8270-19 
.827189 
.82732S 
.827467 
.827606 
.827715 
.827S>^1 
.82^023 
.82SI62 

9.S2<^0I 
.s-2Sl3i) 
.H2sr,7S 
..S2S7I6 
.82S.»^5.'» 
.S2S993 
.S2;)I31 
.S2926-.) 
.H2l)107' 
.829515 

9.S296^3 
,829-^21 
,S29')59 
.K30 >97 
.S30231 
830.372 
.S3 )5f)9 
.83)616 
.83)rsi 
,83<W21 

9.«=<3105>^ 
.831195 
.831 3V2 
.831469 
.8316- M) 
.831742 
.8:3IS79 
.a320|5 
.8:V2I.52 
.8322S8 

9.^532125 
.v'<3i'.61 
.S326.»7 
.S.32<i3 
.8:^2^^69 
,833105 
..^VVill 
.><n\77 
.Sir. 12 
.8316 H 



D. 1''. 



2.31 
2.31 
2.33 
2.33 
2.33 
2.:« 
2.33 
2.33 
2.33 
2.33 

2.32 
2.32 
2. .32 
2.. 72 
2.32 
2. .32 
2.-32 
2.31 
2.31 
2.31 

2.31 
2.31 
2.31 
2.31 
2.31 
2.W 
2.30 
2.30 
2.30 
2.3J 

2.30 
2.30 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 
2.29 

2.2^ 
2.2S 
2.2S 
2.2S 
2.2S 
2.2S 
2.2"? 
2.27 
2.27 
2.27 

2.27 
2.27 
2.27 
2.27 
2.27 
2.26 
2.26 
2.26 
2.26 
2.26 



// -V. / Cosine. I D. 1", 



Cosine. 



9.S71073 
,870960 
.870S46 
.870732 
.870618 
.870.501 
.870390 
.870276 
.870161 
.870017 

9.8699.33 
.869S1S 
.S69r01 
.8695S9 
.869174 
.869.J60 
,869245 
.869 1 3f) 
.869015 
.86S900 

9.86 S785 
.S6S670 
.86S.'.55 
.S6'{110 
.86>5321 
.86-^20.1 
.86^1)93 
.P6797S 
.867sr,2 
.867747 

9.^67631 
.867515 
.S67:i99 
.S6r2S.3 
,867167 
.867(r)l 
,8669.35 
,866^19 
.866703 
,866586 

9.«66170 
,s6r.353 
.866237 
.866120 
.8661 K)4 
,86;5SS7 
.865770 
,86.')6.53 
.86.')536 
.865419 

9.S6.5302 
.865185 
.86.506^ 
.8619.50 
,86H.33 
.861716 
.S() I.-9-I 

..>61363 
.861245 
..^)n27 



D. 1". 



.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.91 
.91 

.91 
.91 
.91 
.91 
.91 
.91 
.91 
.92 
.92 
.92 

.92 
.92 
.92 
.92 
.92 
.92 
.93 
.93 
.93 
.93 



4 



,93 
,9.3 
93 
,93 
93 
91 
,91 
91 
M 
94 

94 
,91 
91 
94 
.95 
.95 
,95 
,95 
,95 
.95 

.95 
,95 
.95 
.96 
.W 
.96 
.96 
.96 
.96 
.96 



Sine. 1 D.l". 



Tang. 



9.954437 
.954691 
.95^1946 
.9.55200 
.95.5454 
.9.')5708 
.955961 
.9.V5215 
.956169 
.956723 

9.956977 
.957231 
.957485 
.957739 
.957993 
.958247 
.958500 
.958754 
.9590OS 
.959262 

9.9.59516 
.959769 
.960023 
A)6<U77 
.9605.30 
.960784 
.961f)3S 
.961292 
.961515 
.961799 

9.9620.V2 
.962.306 
.%2560 
.962^13 
.963)67 
.963320 
.96.3574 
.963828 
.961081 
.964335 

9.961588 
.961842 
,965095 
.96.-.349 
.96;")602 
.965 S55 
.966109 
.966362 
.9666.6 
.966S69 

9.967123 
.967376 
.967629 
.967883 
.969136 
,96S3S9 
.968643 
.968<<«; 
.96J149 
.969 Hr3 
.96;)6.56 



Cobms. I D. 1». 



D, 1". 



4.23 
4.2:3 
4.2.3 
4.23 
4.2.3 
4.23 
4.23 
4.23 
4.23 
4.23 

4.23 
4.23 
4.2:3 
4.23 
4.23 
4.2:3 
4.2:3 
4.2:3 
4.23 
4.23 

4.23 
4.23 
4.23 
4.23 
4.23 
4.23 
4.23 
4.23 
4.23 
4.23 

4.23 
4.23 
4.23 
4.23 



23 
23 
23 
23 
23 



4.23 

4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 



CotODg. 



0.045563 
.045309 
.0450^ 
.(M4500 
.W4.516 
.044292 
.044035* 
.043785 
.013531 
.043277 

0. 013023 
.012769 
,01-25I5 
.012261 
.042007 
.041753 
.041500 
.041246 
.040992 
.040738 

0,040484 
,m023l 
.039977 
.03i»723 
,039470 
.039216 
.038%2 
.03d70S 
.038455 
.038201 

0.037948 
.0:J7691 
.0371 10 
.037137 
.o:mi):i3 
.03C680 
.036426 
.0.36172 
.035919 
.035665 

0.035412 
.035158 
.034905 
.031651 
.034393 
.034145 
.a33S91 
.03:J638. 
.0:3.3381 
.033131 

0.032377 
.032624 
.032371 
.032117 
.031864 
.031611 
.0313.57 
.031101 
.030851 
,030597 
.030344 



Tang. 



i.'i.'J J 



COSIMBS, TAMGEHTS, jIHD COTANQUfTS. 



218 

44rO 



TABLE Xlll. LOGARITHMIC SINES, &0. 



M. 


Sine. 





9.811771 


1 


.811902 


2 


.812033 


3 


.812163 


4 


.812291 


5 


.812121 


6 


.812555 


7 


.8426S5 


8 


.ai2S15 


9 


,&12916 


10 


9.813076 


II 


.813206 


12 


.813.3.36 


13 


,843166 


11 


.843595 


15 


.843725 


16 


.813S55 


17 


.8439^ 


18 


.844114 


19 


.844243 


20 


9.844.372 


21 


.814502 


22 


.814631 


23 


.844760 


21 


.844889 


25 


.84.5018 


26 


.815147 


27 


.845276 


2S 


.815105 


29 


.&15533 


30 


9.845662 


31 


.845790 


32 


.845919 


33 


.ai6017 


31 


.846175 


35 


.816301 


36 


.816132 


37 


.816560 


3S 


.8166S8 


39 


.846S16 


40 


9.816911 


41 


.817(»71 


42 


.817199 


43 


.817.327 


44 


.817451 


45 


.8475S2 


46 


.817709 


47 


.847836 


48 


.847964 


49 


.843091 


50 


9.848218 


51 


.818315 


52 


-.848472 


53 


.&18599 


51 


.ai8726 


55 


.818852 


56 


.818979 


57 


.849106 


58 


.8492.32 


59 


.819.359 


6') 


.8191S5 



D 1". 



2.18 
2.18 
2 18 
2.18 
2.17 
2.17 
2.17 
2.17 
2.17 
2.17 

2.17 
2.17 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 

2.15 



2. 
2. 
2. 
2. 
2. 
2. 



15 
15 
15 
15 
15 
15 



2.15 
2.14 
2.14 

2.14 
2.14 
2.14 
2.14 
2.14 
2.14 
2.13 
2.13 
2.13 
2.13 

2.13 
2.13 
2.13 
2.13 
2.12 



12 
12 
12 
12 
12 




2.12 
2.12 
2.11 
2.11 
2.11 
2.H 
2.11 
2.11 
2.11 
2.11 



Cosine. 



9.S.56934 
.856812 
.856690 
.a56.'i68 
.856116 
.856323 
.856201 
.856078 
.855956 
.855833 

9.85571 1 
.8.'>5588 
.8.55465 
.8.5.5312 
.85.5219 
.855096 
.854973 
.8548.')0 
.8.54727 
.854603 

9.854480 
.a54356 
.854-233 
,854109 
.a539S6 
.853862 
.8537.38 
.8.53614 
,853190 
.853366 

9.853^12 
.853118 
.852991 
.852869 
.852745 
.a')2620 
.852496 
.8.52371 
,852217 
.852122 

9.a51997 
.851872 
.851747 
.8516-22 
,851497 
,851372 
,851246 
.851121 
.850996 
.850370 

9.850745 
.850619 
.8.50493 
.85(K363 
.8.30212 
.8.50116 
.849990 
.849364 
.849738 
.849611 
.819135 



Cosine. I D.l". I Sine. 



D, 1". 



2.03 
2.01 
2.01 
2.04 
2.04 
2.04 
2.04 
2.04 
2.(^1 
2.04 

2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.06 
2.06 

2.06 
2.06 
2.06 
2.06 
2.06 
2.06 
2.06 
2.07 
2.07 
2.07 

2.07 
2.07 
2.07 
2.07 
2.07 
2.03 
2.03 
2.03 
2.03 
2.03 

2.03 
2.08 
2.03 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 

2.09 
2.10 
2.10 
2.10 
10 
10 
10 
10 
10 
11 



D.l". 



Tang. 



9.931337 
.9*5090 
.935343 
.935596 
.9.35&48 
.986101 
.9863&1 
.986607 
.936860 
.987112 

9.987365 
.937618 
.987871 
.988123 
.938376 
.988629 
.983882 
.989134 
.989337 
.939640 

9.989893 
.990145 
.99039S 
.990651 
.990903 
.991156 
.991409 
.991662 
.991914 
.992167 

9.992120 
.992672 
.992925 
.993178 
.993131 
.993633 
.993936 
.994189 
.994441 
.994694 

9.994947 
.995199 
.995452 
.995705 
.995957 
.996210 
.996463 
.996715 
.996968 
.997221 

9.997473 
.997726 
.997979 
.993231 
.993484 
,993737 
.998939 
.999242 
.999495 
.999747 

O.OIXKXK) 



Colaxvg. 



D. 1". 



4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4,2 



4.2 
4.2 



4.2 
4.2 
4.2 

4.2 
4.2 
4.2 



4.2 
4.2 



Cotang. 



D. 1". 



0.0I5I63 
.014910 
.014657 
.014401 
.014152 
.013S99 
.0I3&16 
.013393 
.013140 
.012883 

0.012635 
.OI23->2 
.012129 
.01 1877 
.011621 
.011371 
.011113 
.OIOS66 
.010613 
.010360 

0.010107 
.009355 
.009602 
.009319 
.009097 
.005844 
.003591 
.003333 
.O0Q036 
.007833 

0.O07530 
.0073:^ 
.007075 
.006^522 
.006-569 
.006317 
.006064 
,00r>3l 1 
.005559 
.005306 

0,005053 
.004801 
.004543 
.004295 
.004043 
.00.3790 
.Oa3537 
.003285 
.003032 
.002779 

0.002527 
.002274 
.002021 
.001769 
.001516 
.001263 
.001011 
.000758 
.0005a5 
.000253 
.000000 



Tang. 



iJ^o 



TABLE XIV. 



TURAL SINES AND C0SINE3 



fcif ■ ail 



^F.S AND COSIHtS. 



.M;«.h 



^ 


p 


■* 


° 1 




^ois: 


■^ 


ic^;« 




MjMmn 


SSh 




ua-ei 








.!«»-«U 


.D7IB 






amss 


.(KW 






.1«S67 


.(mat 








.«i» 






























-.ma, 


.urssi 








ioTCl. 








.roe4; 






:i'^ 


.07^ 












-,' 


t1?I1 


■"^."a' 






:i' 


'SB 






Si 


ISfte 




■II 


WT« 








Oiffil^H 




99TM 






aura 






WW 






WW 







■,.;:.. J:,.:, iMi:i:i 



TAIJM-: XIV. .-I'ATLMi.AL SINKS AND COSINKS. 






, Sim*. Cosiu. 

4 .i»'^r;i .'xn)\ 1 
^.ll•^^'|.■^ .inn; 1 2 

■i!. (»■•-(> »..w.i»jn; 

sL()-'Jl7 .W'.»."i'.»iJ 

i\Arj.tny..\):irt\n 
l.n-Mii'.M-xm 

J .(W:)Jv!!.l>U.")^»; 

.«w2'h .U'.ri7.'i 

) Atimi) .5)i).")7JI 
) .OiJ2ir. .«)j.'Vi7 

I jR) {.">:{ .s>i)-ir,2 
.i)'.>."»ri3 






.(I'M 1 1 

.01)1(51) 

. 09 1'JS '.•)<).■» H 
} .0'.).V27j.99.>ir, 

J .rKj.",.-,<;!.():).->12 
I .Oy.^S5|.90.>40 

,wr,ii''.'j;ri37 
.(i'.»,'5l2 .>.»'.>.-):U 

r."-'7iM .',U?^>. 

.f^HlfJ .<Ji».-,|7 

. f ••.•'.)!':).. W'.r>M-- 
'...<».»■.*: !i .;ij:,(>fi 
{".iij.»f)[ .',>'.r»(iM 

Id )!'.».. <u|'j7 

i^.i'>i.i>j.().noi 

■i.KM/Tl.'j-.M'.)! 
•■|.lii")-.'.);»H-i 
l!.I()l">-) .'.»;> Hi") 

MOlO>;.0.)irO 

! .|:>i'"'i .'.»;♦ 173 
1 .I'ljrw MJiTi) 

; .i'M}7 
jj.io.w.-. 

ll.lOUi 



o^ 



;Oosiii. 



.'.UIOI 
.'.)-.m:.s 
.9;>iri.-. 

.9t)to2 
Sine. 



8*0 



.lOJ-i-i 
.lU.'ill 

.in:.4'i 
.l'i,-Ki-j 
.Ii».'>'»7i 

.l(Kr»n| 
.liJflSll 

.lf)7i:Ji 

.10712! 
.10771' 
.10Sf»l» 

.10-2;) 
.lo-sr 

.10016 

.nuir, 
.i(U7:i 

.MIKI2 
.110.il 
,1100 » 
• IIOVJ 

.nils 

.11117 

.11170 

.1120.') 

.n2:M 

.112fi:ii 

.11291' 

.11320 

.1131'.)' 

.Il:i7s 

.III'I7; 

.lli:i'> 

.I1W5.V 

.Ilt'.H' 

.li:'2:{j 

.lI.'i.Vj 

.ll.'iHi 

.11'! H> 

.lin.N 

.ik;(-,:: 
.11 »*/.«> 

.1172.-. 
.117.-.!; 

. 1 1 7^:\ 

.11^12 

.IHlii 

.IH'".'.) 

.11^'.^: 

.ll'.»27 

.ir.j.v, 
.iio-.-i 

.12)11 

.I20i:ii 

.121)71 1 

.1210')' 

.1212'.); 

.12irH 

.12H7 

Gosin., 



Ci>.-<iii. 

.'.iJl.V2 
.'.Kill.. 
.W.I 111'. 
.M'Jlli 

.'.uy.17 
.Win 

.VK)I31 
,'.»'.) 1 2S 
.lUl-'l 
.i«)J21 
.DIM IS 
.'.KUir. 

.'.n»ll~' 
.'.IWl'f.l 
.'.KilOfJ 

.IUM2 

.'XI !'.n« 
.i»'.i3'.if; 

.'.♦.)■{■.) ! 
.W.\'.Hi 
.'.):» JW) 
M'.t.W.', 

.i)i):5:7 
.s>;).{7i 
.W'jijro 

.'.);»;{i5i 
.♦»'./: ifiD 

,1)^.3.-17 

,0!J.'..-J 
,'.)'. I." !.".l 

,'.u5ir 

,'.»;•:! I } 
,i).':ni 
,".).»:!:!r 
.H.l{!l 

.•H!;i 
,0'.» :^7 

,'.);»: li' I 
.■.i;«.u«~ 

.SI-.l.M 1 
.'J'SD? 

.9.)vr, 
.'.»'i:vi') 
.'.»'.)i-.»7 
.lhi2;>3 
.'J'.)2<M 
.()'.>2^fi 
.ii'.i^^j 

:x)^7-j 

.'.)-.i272 
.•.hi2'V,> 
.'.);t2(').-| 
.'.)'.)2(>2 
.1»1)2.1S 
.91)2.",.-, 

BineT 



833 



7-^ 



Sim'. Co.'in. 

"/l-^i* .'jD-i.-,.-, 

■.i2|("i .',»'J2."»1 

22l'» ..»'.l.'J-' 

2-.i:i ,'./:!. MI 

2.3 i:i .'.fj^l't 

■i'-y-U .'Xrs)7 

^3vj'.«jy.i:{l» 
2ll>".9U22*; 
2I17;.9'.»•^22 
2176'. W211) 

2.->iii:.yy2i.", 

■2.".:i3 .91)211 
2.".f;2l.'j;WH 
'"m .uy2ni 
.'jyifKi 

.99197 



I 



2r,2i) 

2019 



•2rt7^ .99193 
27ii('.i.991^9 
27:r. .991"-*; 
•^70l!.«»9|>2 
27931. 991 7s 



2'^->l 

2S>5<» 

291)^ 



.9917;-. 

.99171 

.99107 

99103 



3IM 

3|;:y. 

:;i6' 

3|'.T, 

■ VMi' 
3.5 11" 
:<37.i 



^937 .991 OM 
2-.«00!.«»9|.-.0 
•^.»y.-.|.991:-)2 
31121 .99I1«^ 
3i):.3j.99111 

:h)>ir.9;Mli 

.9:) 1 37 

.'.'.m;;3 

.9.I1J.) 
.991-r. 
.9'.M22 
.9:0 Is 
.'.••.MM 
.'.'9II(» 
.D'.HOr, 
.991112 
.9.1: i; I - 
.9'.i I'.ij 
.'.I'. 1: 19 1 
.9.) 1^7 

.99')<? 
.99179 
.99 17.". 

.9i><»:i 

.99 If. 7 
.99ii0; 
.9'.«< I.V.I 
.99')."..-, 
.99t).-)l 
.9^1017 
.9'.!') 13 
.'.i'.in3i» 
.9.»-..i3.-. 
.99 )3l 
.9iM)27 



3r.i> 

31V. 



3.-)l I 
3.-1 13 
3-v2! 

.3'i!K) 

30-.-^ 
.3(5-7 
3710 
3711 
3773 

:N' 12 

3-.31 
3>-^9; 



3917 
OcMln. 



Biiie. 



»|3 



- J*i _ 
Fine. ,Ca*iin. 

r.M»-j7 
r.h rsi 
)'.HM9 
190 lO 
)9'»I1 
r.iO H] 
r.«Hi2 
Ny9-' 
i-'.r.i\ 
)sy9o 
»-lW5 
)*^9>2 
)s97'' 
)-973 
9"'909 

)^'.>i;-. 

»-:x5i 
9^9.".r 
ys'.r..3 

••'9I'" 

• "'911 

KJlO 

9-9.30 

9sy:}i 
-•,»27 
:Ny2.3 
)'!919 
)-^9l4 
>s9io 

)-y<iO 
)sy »2 

0«[)7 
•--.13 
■<"«-.'_( 

S--I 

--Ml 

--7f; 

--71 
•-ii7 
•--I..! 
■■;■•.")- 

--I'.i 

-i:. 
-^11 

-■>30 

>;-32 
>-.i7 
<-2:! 
— 1- 

<^)<.) 
•^-1 1.-) 
s-,(Hi 



:j9i7'. 

3910'. 
.3y7.-. . 

I'nil!. 
l'i:w{i 

i'l'.l 
I'ly I 

1119 
Hi- 
ll 77 
121.-. 
lifl 
1-203 
1292 
I.i2li 
1319 

137 *- 
1I<)7 
1 13'5 
1101 
1 1'.^3 
•1.-.22 
l".l 
l.-)-0 
1(5!)-; 
10.37 
1(5150 
109r, 
172;i 
17r,2 
17^1 

1-1(1 

I -.3-1. 

;-07|. 

1-90'. 
I9.i.")l. 
l'...-.l!. 
I-.I--J . 
•VHI ■. 
.-■111'. 
.".(II ■>■.»■. 
.'."971. 
.'.l-i'". . 
.".i:..-\ 
:il-l;. 

.V2I-.i . 

.-.211 1 . 

.-.271 1 . 

.-•2:1.):. 

.-.3.7 1. 

.-.3-.0!. 
.-..3-;.V. 
.-.111'. 
r>\Vi-. 

;M71I. 
.-.."I'lOl. 
;"..'>29 ' . 
.-i.").'i7 j . 
."|-.-()'. 

:.oi.-. . 



1K> 



>790 
-791 
-7s7 
-7s2 
^77^ 
-^773 
9-:0y 



01.31 

si J 



»SiiJU. ; Coxiii. M. 

"ir.<5|.3 T9"'7(59 ^ 
.ir.f»72 .9-7(51 .-,9 
.l.-|7ii| \9s7(5ii ".-■ 

;.< ■^1 .y-/j... ;>i 
.l.-.7.-»> .9s7.")l .''O 
.l-i7-7i.9"-71(5 "••") 
■.l-.-10l.y-71i; .'.l 
.l.-.«^l.-.l.y.>^737 ''3 
.l.-.-73:.9>732 r,2 
.l.-.9i2'.y-72>! -".I, 
.l-.93riys723 50" 
.ir.9.-.9[.9s7ls. 19 
.1-.9SS .«>7|} }•. 

.n5(ll7:.y'7(i9; 471 
.10:110 .y-7(ll|40 

.I(5(i71..9s70<» ■l-'i, 

11' 



.10|')3'.y-;09:) 
.|0|:r2'.9-(59ii! 13 
.10101) .9-^5-0 12^ 
.lOls'.i .y-O^r II 
.1(521- .9s070: »«) 
.10210 .9-071 39" 
.1027"! .9-0(57 3-: 
.10.3(H .9-002 371 
.10:t3.3 .9-or,7 ■»5 
.IO:{(5li.9X5.-,2'3'.: 

.lfi:r9()[.9-v,-Hi3i, 

.10119 .9^0-13 ■•<.3 1 
.lfiM7i.9s03S|.'{2i 
.10170 .9-(533 31 
.l(5.-Ji.-.:.9-029| •^* 

.l(5.V:3'.9-0>r 29 
.11".' (52 .•.«-•• I ■. I ■-'- ' 
.II5.V.M .'I'l'.l 1 2. i 

.K'Oi I .9 -('•■•'.' '-'' i 
.10'". I- .9-0' 1 1 J.". 
.10';77 .9-C»ii'i 21 

.1071 r. .".*-.vj.'.. -j::; 
.l'*7:ii .9-.V.111 v" 

.107'".3, 9-.">~.'.' --'1 

.10792 .9".-.- I •^•^' 

.|i5-2'l .9-'7.'., I'.I 

.1(5-19 .'.I-.-.7 I I- 

.10-7- .'.i-.'.O.'. 1." 

. liV.i' i',^.',) vlSj [r. 

.I0..3:'.'.9-.").".i; I'' 

.I0'.)i',r.9-."."! I I 
.l(;.l'.i2 .9>.')1*'. I'! 
.17ir.2l .9«.'.ir 

.l7ir,ii,.'.K.".;;''. 
.i:r)7> .9-.-.'.| 
.171(17 .9-.-)i(5 
.17l30l.9-.V^l| 
.17101 .'.)-.-,10 
.17I93-.9-.M1 
.17222!. 9 '".1 115 
.172".() .9--V1I1 
.17-.d79'.9<lyO: 
.l7;«)-..9-l'.ili 
.173.3(5 .9- 1-0 1 I 1 
.173(5.-. .9^1-1 (ij 

Cosin.' Jrine. M. ,' 



!•' 

II 

1" 

9 



•> 1 

•; 



■'siJ' V KO^ " \ ^ 



*).).) 



TAIILi: XI 7 NATU:iAL SINKS AND COSINES. 



- 



1, 



ii 



•ill 

Ii ■ 

■fi 








10* 1 


M. 


Sine. 


Cosiii 


n 


.i::}-;"! 


"'J^J^l 


I 


.i7;i,M 


.'.»•' i:»i 


^• 


.171-^^ 


.'.*-i;i 


:i! 


.I7J.-.I 


.'.i^Kili 


■i\ 


.I7ir"j 


.'.i-l»W 


:•' 


.17.-rfH 


.',<■>! •">•"> 


(> 


.I7:.;{r 


.'.i^l.Vl 


7 


.I7.Vm 


."JMl.-. 


h 


.176.M 


.'.HUM 


s» 


.I7r.^{ 


.'J^l!.', 


ll» 


.I7«;.ii 


.u--rj<» 


11 


.170^ » 


.'.»^l-r. 


u 


.1770S 


.'.Hl'^-) 


l-t 


.177;i7 


.us 11 1 


11 


.i77t;i; 


.'j^kh* 


1.-. 


.177'.i| 


.•.H1^1 


in 


AT-^'il 


.'J>: {•.>'.» 


i; 


.17-^:.;i 


.'J<1'.»1 


1^ 


.l7-'v'i 


.'j^MJ 


111 


.17'.»f.J 


.i»<{-;i 


y-i" 


.17'j{7 


.ih;7^ 


yi 


.17'J(W, 


.'.h:{7:{ 


'Z2 


. 1 7:>\r, 


.i»-;{»)-< 


'^'^ 


.l-»Mj:{ 


.W<{'"2 


)i\ 


. l^-'IVi 


.'.Kl.".7 


'^•. 


.I>n-I 


.'.»>:r.2 


'^^\ 


.l-iliK* 


.'.ivJir 


a: 


.I^i:n 


.(Kill 


2S 


.isir,<-, 


.iH:v:r, 


2.i 


.isi'j.-, 


.'J -:{•!! 


;*■) 


.IviJl 


M•^^^r, 


.11 


A>2r>> 


M<V2<) 


•M 


.1-2-1 


.•.h;i.-i 


AX 


.\<VVJ 


.W-vWO 


:mi 


.1>X\< 


.'J-Hl 


:r.' 


.l-:{r)7 


.'.*-2J.» 


:ii; 


.\<:f.ir, 


.«J -2-.il 


:{,■" 


.Hlvil 


M^-i-^-i 


:n 


.1-1. -.2 


.'.l-2^'{ 


;{.» 


.1-^HI 


.;h277 


•M 


.H.vn> 


.'.)v272 


•U 


.H.-,:!i 


.Uv.>C,7 


Ii 


.l*''.<)7 


.'.i^2r)i 


i:{ 


. 1 s.->w.') 


.'.K2.">r» 


n 


A-^VU 


.'JS2."H» 


■1.-) 


.l-G.Vi 


.'J 52 I.") 


ir» 


.ISTHl 


,fK2in 


17 


.H7n) 


.«H2:m 


'H 


.H7.'H 


.W't-.^29 


t<J 


.I^7fi7 


.'.H-2-ii 


i't 1 


.iN7yr> 


.5H2|-^ 


Til 


.l^S21 


.'.N212 


.'i-i' 


.1S<,2 


iH2'l7 


:..1 


.is^^i 


.IX'ill 


-i 


.l-;jl'» 


.'.)-! O'J 


'm 


.l«*'i:N 


.tJSl'.MI 


;V, 


l"i:«)7 


.'.Nl"^."i 


ri7i 


.isi'.ri 


.IH179 


1 


.IDJ-il 


.•JM71 


.V.)! 


.l'n.V2 


.IM<W 


ry)'. 


.liJ'Hl 


.iNlf;:; 


7osin. 1 


S/7»«. i 



113 

Sine. I Cosiii. 

. I'.»M M^\ty.i 

.iJl'i'j .y»l.")7 

A'.n'.i^ .U-|.''2 

. I 'J 107 .U-l l'\ 

A'Jl'jr> .U-)!!!) 

.I'jr-ii .i>"?i;ri 

.l'J2."i2..'J-<l2W 

.rj2'!i!.i*-^i2i 

•j:tf)«5'.y-ill)7 
l».W.">l.l>-l()l 



'.Mil 

i»ir.2 



.'.hum; 

•.•i-r.y-i»-i 
iJ.'jirj .'j->i>7i> 

'.)->:{>! I. 'j-y)7:{ 

i>.Vrf;'.lHK)7 

'j.v.r,'.'.H:r)i 

t»7(ii>.iH' >:{'.» 

;i7i*,ri .'.Kir27 
'j7'.n:.'.H'«i 

U').)^:,'.CS>'.H 

y'.):J7|.W7t»'j2 
'.i'.«.-. .97i)s7 

'.»yjr.i»7'.Hi 

2'Mi>2 .U7y7.'> 
2-M.-,ll.y7'.>'V.) 

2'n7«r.'.»:'.K:i 
2 Mils .•)7'J.'»» 
2 ii:y; .y7;r>2 
2iiri.-) .\)70\n 

2fii«K^ .yryi) 

2»222.y7aM 

2i)-i."i<r.y7',>2-^ 
2')27y .i»:y22 

2(i:W.y7v)H'. 

'irxv; .y7yii) 



y'!">i 



.y7y()."> 

.97^99 

.'.)7S\y.i 



I 



Tif 



2m:{!;i 

2o:iy:{ 

2*1121 

2: 1 1. '(I .97^^7 

2'il7--j.97S^l 

2'l.-i!»7 .97-^7ri 

2' ).">;« '.97*^09 

2r)«:i'.97>r,'{ 

2av,ri .97^.'t7 

2 "0211 .97^.-1 1 

2:jr,l9 .97-il.-. 

2i«77i.97S.'Vj 

2'i7(¥;'.y7S:j:i 

2'l7.U:.97--'-i7 

2i)7r,'{i.97-2I 

•2-l7UI|.97.Sir> 

<?os}n.' Sine. 

7S 5 "' ~ 



l'-«J 



Sine. 
.2<r7yi 
.2IH2II 
.21K1S 

.21^77 

.2»IJ!»."» 

.2.'.y:n 

.2i)JfJ2 

.2'r.n»i) 

.21019 

.2lOI7i 

.21IJ7G. 

.21101! 



.21i:i2 



.21 K)] i 
.211Vj; 
.2121^1 

.2i21fi" 
.2l27r)' 
.2i:jii:} 

.2i:«H). 

.21 3s-^ 
.21117: 

.2mri 

.211711 

.2ir>(>2! 

.2 1. lift) 

.21.Vj9 

.2ir)S7 

.21016 

.2IGU 

.21672 

.21701' 

.21729 

.217.-.^ 

.217-6 

.21S11; 

.21S1U 

.21-71= 

.21-99 

.2192- 

.2iy.'i6" 

.2iys'>' 

.22:»i:i 
.22)11 
.22070 

.2209^' 
.22126 

.22ir.r> 
.221 s: J 
.2-2212 
.22210 
.2226S 
.22-297 
.22:V>,-) 
.2-2:t.->.'j 
.2-i:N2 
.22110 
.2-21:^^ 

.^2167- 
.22195" 



"07-sr.v 

97-«»-j 
,97-*'»;j 
97797 
97791 
977S1 
9777s 
97772 
y77<«> 
97760 
977r>4 
977 H 
97742 
9773.-) 
97729 
97723 



97717 
9771 1 
977115 
y769>i 
97692 
97f!s6 

976-^) 
97673 
97r,67 
97661 
976.'>5 
97(M.S 
97612 
976.36 
97(>30 

97623 
97617 
,9761 1 
97611 
9r."i9s 
97.'.92 
97.'»S.-> 

97579 
97573 
'j7r,VA\ 
97.V)'I 
97.M3 
97517 
97511 
y7.-)31 

9752S 
97.-.21 
97515 
975(H 
97502 
97196 
?J71--9 
971S3 
97476 
97170 
97163 
97457 
971.50 
97 1 1 1 
971.37 



I 






13-> 



Sine. Co.sin. 



.22195' 

.^252:j! 

.22.552! 

.2^.">>J)' 

.2261 »- 1 

.22»^37 

.2-26*15 

.22693 

.22722 

.227.50 

.2277.^ 

.22-J07 

.22<t5 

.22SIW 

.22^1*2 
.22920 

.22<>1.>< 
.2-2977' 

.2:joor> 
.2;j!>:« 

.2:1' 162 
.2.3' »i«) 
.^311.«>J 
.23116 
.2.3175 
.2.3-2' »3 
.2.32:11 
.2:1-260 

.2:uss 
.2:«I6 
.2:WJ5 

.2337.3 

.2.310] 

.2.3129 

.2M5S 

.2:1 H6 

.2:ril4 

.23512 

.2:1571 

.2:ri9;j 

.2:{'5-27 : 

.23'r.6i 

.2:SW1 

.2:J712 

.2:{710 

.2.3769 



.97137 
.9M;k) 
.97421 
.97417 
.97411 
.97101 

.97391 
.973^4 
.97.37S 
.97.371 
.97365 



1 97 



.2:5 

.2:{+25 

,2:H53 

2:1-4^2 

.2:r.)io 

.2.'i'.>66 

.2:i.jj5 



.y7.3;5s 
.97;j5I 

y7;M5 

.97336 

.97.^31 
.97:125 
.97318 
.9731 1 
.97:* M 
.97-29S 
.97291 
.972-1 
.9727.H 
.97271 
.97-2<W 
.97257 
.97251 
.97211 
.972;{7 

.97230 
.97-223 
.97217 
.97210 
.972* •:{ 
.97|u»; 

.97IS9 
.971^2 

.97176 

.97169 

.97162 

.97|.5."> 

.971 IS 

.97111 

.97131 



14^ 



.97127 
.97120 
.97113 
.97106 
.97100 
.97093 
970S6 
97079 



I 



21' ••23:. 1*7072 
.21)511.97065 
.24!)79 '97a5S 
.211'is .97«I51 

.2n:i«« .97044 

.2I161:.970:J7 
.21I'.^..970:J0 

, C<)sir .1 Sine. 



Sine. CoA-l 

^24192 !;*:■'>■: 
.'Midi .9-1^;. ■ 
.242 in .y:"i"-; 

.21277..yri»'?i; 

.24.'>i.'».i^""'i-: 
.2i:aJ .!?Urt f 
.2 1352 ■.«>>' 2 

.'ZvWi.9Srv^ 

.2l4IS;.«aj 

.24llfi!.!«*<' 

.5M174j.!«'» 

.24o<i3.9e^. 

.21615. 9®^* 
.21W4,9fi««S 

.2471)11 .SgK J 
.2l7J56.ig« 
.2J-^l3ig;. 

.24^i.9fci5 
.24925|.9^J 



.96fl5' 



,249-^2 
.25010 
.25033- ^ 

.25066.96?.; 

.25flW'.i«JJ; 
.25l22!.9(rg» 

.2.5i5i:.95>fi.; 

.2.5179.95;.; 

.2.-.2i)7 .yjii] 
.2.-235 .yfi^Wj 

,2526:? .V^'f : 
.2.5291 |.*N^; 
.2.i:«>-.«J 
.2:>3H.90r^.! 
.^5376 .9^^, I 
.25 104 !.'.'«■•' ''J: 
.2.5432. iX^'l:. 
.2j-vl6i»i.96n^'. 
.25-H'* .9fifi9T! 
.^551 6 .9^1 
.25.545:. !««■« 
.2.-»573-.9'"'fi^5- 
.2.5601 1.9««;. 
.256-29 '.96(»1 
.i5657:.9'M?c« 

.2r.6S.5;.9#'i--' 

i>713!.9«>*' 



.25741 
.25769 
.25799 
.^=>326 
.2o8M 
.25a52 



Goiiii. Sliie> 



.96ff» 
.9662^ 
.9f)6l-'i 
.96flffl 
.QfiAKI 
.96393 



7*3 



TABLE XIV. NATURAL iilNES AND COSINKS. 



223 



15 J 

lie. I (7o8in. 



02i 

iiir 

l.Wi 

>i\n 
27r> 

331 

.3S7 
41.1 
413 
171 

".iW 

rwi 

iiU) 

rwH 

721 

7.V2 



•'.MO .y6,'>-js 
i'J:h .«»6."»7S 

.'.«.', 17 

.•»r,.-,i() 

.%.')'.> 1 
.%.".! 7 

.1K»5(>2 
.'JfilDl 

.%17» 

.96171 
.'JdUVi 

.yci.ifi 

.9fi41^ 
.96110 
.U64.« 
.i>612;j 
.96117 
.96110 
.961ifc> 

.963-^1 
.9<5379 
.1MJ.37I 
.9<;363 

.903.-».'', 
.96317 
;>'H .««;3l() 
;S36 .963.« 

NW-' .96316 
.J2 ) .«m;{<h 
<\>\< .963')! 

i'jri) .".«;.i'.)3 

not .962>:.". 
032 .Of)ii77 
III) I'.'.ICifV.j 
■0-jS..<)r,261 
•n6! <j<;2.-iM 
111 .96216 

'1721.9623^ 
'200,'.'.)62:ft» 
22^1.96222 
•2')6 .'.Jr)2Il 
2-<\\.'M',2fH) 
■312 '.96 1 IH 
'310 !.<)(; I IM) 



%i 



96IS2 
96174 



36-^ 
3'.i6| 

I2r.<>r)i6fj 

l."»2 .U6ir)S 

'is:)|.96i.-,n 

T)0S!.%I12 
'"•■36 .96|:M 
■96126 

SIiw. 



sin. 



743 



10^ 



Sine. 



Co.<«iu. 



27.VJ1 .96126 



27r.92 

2r6'2«> 

2761^ 

27676 

2770-1 ' 

27731 

277-19 

277.S7 

27-Jir, 

27.S13 

27.^71 

27rt99 

27927 

279.-J5 

279S3 

2S0I1 
2"J0.39 
2-<067 
2SfJ9.". 
2S12.3 
2'<I."»() 
2SI7S 
2-^2)6 
2-^2.31 
2S2r,2 
2-<25JO 
2-t3|^ 
2-^il6 
2S:J74 
2S402 

2^129 

2><r>7 

2S1V. 

2««oi:{! 

2^.111 

2S.V;i) 

2-:)97 

2-6.".2' 

2-6-^0 

2^7(H 

2-^736 

2-^761 

2>^792 

2^20 ; 

2>!S17' 

2^-<7r,i 

2S903 

2S931 I 

2-^9.')9: 

2^9<7l 

2901.'! 

29012' 

2y070 

2909S- 

29126 

29ir.l 

29 H2 

292r»9 

29;^ 

Cosin. 



9';ii^ 

96110 
9»;i02 
96! Ml 

i»«>')7s 
IMVCo 
'.i6(H;2 
9»i'»'»l 
9(iOl6 
9<5037 
iM"i<»29 
96!)2I 

mnn 

9600."} 
9.'.997 

9.'J9'^9 

9r.9SI 
9.VJ72 
9.''.961 
9.")9.V} 
9.''>9H 
9.V.H0 
959.31 
9.".'.»^3 
9V.M."i 
9.V.>07 
9.->-^lH 
9.''.s«)0 
9."»-^S2 

9.">>7! 
•>.")->.")7 

'.).') •'32 
9-'»2 1 
iJ.'i^ I (> 
•r,-<;)7 
9.'.79;) 
9.")7'.M 
9.".7>.i 
9.")77} 
9."76(; 
9."i7.-,7 

9."»7 19 
9.'i7|0 
9.")732 
9:.721 
9.-I715 
9r>707 

[Kt&j ) 
9 "6-1 
9.".6:3 
U.'f'.'') 1 
9"i6.')'I 
9V;j7 
9.'.639 
9ri63U 

r 



17^ 



Sine. Co:(in. 

2;>2.37'.9."Hi;io' 
2y2fM .9.'>C-22 
292'J3 .9.V>13 
2.*.'«1 .9.VJ0.". 
^.^{H .9.'i.-j'.)6 
2.i376 .9.M->s 
2'.nol!.9.M79 
2-.H32..9.M71 
2".H6'» .l».Vi62 
2-.H--7I.9.1.-M1 
29.)Io'.9.m1.'i 
29.'>13'.9r,.-,:i6 
29.-171;. 9.m2> 
2'.i599;.9.-).-)l9 
29626 |.9rMll 
296.'»lj.9-).><r2 

296"«'.9.-il93 



29710 
2'.*737 
2976."> 
2979.3 
29S21 
29-^19 
29-^76 
2'.HKI1 
2'.»«.)32 
2996' » 
2'.nH7 
3')0iri 

:tiH)i3 

3=1971 

:vi09^ 



.9r,K-> 

.95176 
.9.-. 167 

.9.->ir>9 
.9.".rrf) 

.9.-.11I 
.9.-» 1.3:1 
9.->l2l 
.9.-11:. 
.95107 
.95:^9■^ 
.95.3-59 
.9.-13-0 
.95372 

.95363 



.301-.^6;.95r)l 

:!0i5ii.ir.3i5 

301-2 .95:i.37 
30201) .'.)5:{2-i 
:{'i-i37l.953l'.) 
:io265i. '.».'>: Jio 

:i'i292 .".»5.3:)1 
3i320i.952'.i3 
3o:U'!;.952-l 
3)376 '.95275 
301ii:{|.«j.'i-.^r,(') 
3 1 13 1 ;.9"i2.-.7 
30|.7.» .•»."21-' 
.'.>5210 

.95231 



301 -,'5 
3051}' 



31512 .9522i 
.30570 .95213 
.30.V.C'.1»."20.1 
.'{0625 .951 IC) 

3M;.-):i'.',r,|vr) 
3"k;-o 

3!l7f)s 

3')7:i6 

30763 

307'.Mi 

:VHI9 

30^46 .95 124 

:'0^7i .951 ir, 
afl0(l2| ^95100 



.W5177 

.951 r,«^ 

.951.7.) 
.95150 
.951 12 
.95133 



18 



Cosln. 
95106 

951 KS 

9.5II79 
'J.'i4i70 

9.-|(».V2 
9.5013 
i».'i<i:{.3 
9.'i(l21 
95015 

9rK>i6 

91997 
919SS 
91979 
91970 

91961 
919.-12 
919^13 
919.33 
91921 
91915 
9I<.»0C 
9Hl)7 
91SSS 
91S78 
91S69 
91S60 
91-i-.l 
91^+12 
91a32 

91-23 
'.M-1 1 
91-11.', 
'.»I795 
917-«'. 
91777 
9176s 
'.« I7."i- 
91719 
94710 
917.30 
'.>ir21 
in7|2 

9i;o-j 

916W3 

916-^1 
1M671 
916(55 
l)165i; 
*H6ir> 
91637 
91627 
9 16 IS 
91'iO'.) 
91599 
91.')90 
915-<,) 
91571 
91.561 
<)^15.'>2 

Gosin. Sine. 

710 



Sine, j 
3 n»29 

.309.-.7 

:K»9-ri 

31012 
3I0]0 
3106"^ 
3lO'.»5 
31123 
31151 
3117s 
3l2<i6 
312.33 
31-261 
312^9 
31316 

31314 
31372 
31399 
31127 
314.51 
311^^ 
31510 
315.37 
3ir>65 
31593 
31620 
316H 
31675 
31703 
317;iO 

3I75S 
3|7<ri 
31 si:; 
31SI1 

3isr,- 
3isur, 

3 1 1)23 
311)51 
311)71) 
32(H«'i 

3-i<i:;i 
32'r,i 

3-," I VI 
.'52116 
32111 

.32171 

.3-^r.)i»; 

32227 ! 
322511 
322-2 
.32:101)1 
..32:i.37 i 
.32:W»1 
.32.31)2 1 
.32111)1 
.321471 
.32471 1 
.32502; 
.32.')29 
.32557 



Siiw. 



.32557 
.:J2.5><.1 

.:wi39 

.32r.67 

.:j26iM 

.32722 
..32719 

.•Hi i 4 

.:j2s)1 
.:««!32 

..32n,'J 
.32S.S7 
.32914 
.;«912 
.32969 

..32997 

.3:«n^i 

.3:iJ)5l 
.3.3(179 
.a3106 

.3:iirM 
.3:{I6l 
.3.3199 

.3:^2I6 
.33211 

.3:^27l 

.3329-< 
.;«.326 
.33:1-13 
.3.33!:ll 

..^310^ 
.33i:',6 



Coflin. M. 

7945;"j2 60 
.915-12: 59 
.915:« 5>; 

.9452:ji 57 
.91511 rA), 
.91.-,01 .V, 
.91195- 54 
.911-5 .-.:» 
.91476152 
.91166,51 
.9I1.')7,50. 
.91417 41)' 
.9M3S, 1^. 
.91-12si47i 
.914 IS 46' 
.91109; 45 1 

.9i:»9 441 
.91.'ftK) 43; 

.9i:W)| 12! 

.91370 411 

40j 



.9}:t6i 
.9i:r)i 

.91312, 3s' 



SI 



31 

:i3l 
;^2 

31 
30 

29 



.9l:l■^2 3/ 1 
.dvm :w5 

.91313 
.9i:«)3 
.91293 
.912«<1 
.91274 
.94261 

.91251 

91215! 2-1 

.:}3i6M|.9i2:ri| 27 1 

.:i;Vll)0 .1)1225; 26 
..•i:^;"^ -1. 9121 5, 25 

.:{:r.i5j.«)i2or,- 21 
.;j:ri73 .9ir.'6, 2:; 
.:{:5i;o'i-.9nsr, 22 

. 3:^627 1.9 1 176 21 

.3:{r,.-,5;.<fiir.:i 20 
..3::6^2!.9n5r 11m 
.:5:!7IO|.91117. H' 

.:U7:!7 .9li:57' 17; 

..3:576!|.9H27| H',; 
..7?792|.9lllS| 1.".; 

.:1'{-I9'.91|(H 1 1, 
.:r{-l6 .9loiJs: 

.:{:{s7i!.i)iii-s. 
.:?:'.;)0i I.DliC-i 

.:<:{;)21) ■.1)1(16-! 

.:{:{!)5fi!.«)i(as: 
.:{:?9-3 .91019; 
.:uoi I, .1)10:19; 
. 3 lo:{-'. 9-1029, 
.:; 106.-, 1. 1)40 19; 
3lon:{:.i)ioo.) 



i;i 
12 
11 
10 
1) 



.31120 
.3^1117 
.31175 
.3i9n2 



.9:11)99; 
.939«<9 

.g»u7al 






224 



TAIJM: XIV. NATQUAL SINES AND COSINES. 



M 



I 



.1 

r, 

H 
M 
I" 
II 
\'^ 
\:i 
l> 
I*. 

ir, 
i; 

I'.' 
211 

•21 
2-2 
2:! 
21 
2:1 
2<"i 

2r 

2"< 
2'J 
:^) 

;<;< 
:n 
:r) 

m; 

:v.i 
•10 
•ti 
12 

4.1 

•Ifi 
A? 
4s 
4«) 

.•ill 

"il 
r>2 

."il 

.');) 



Sino. .^lislij 
M-VJl'J 

.'.»:{UiKJ 

.'«:{>«■.> 

.'.);K{'j 
.n:W2«» 



.:U2i»^ 
.:U2i'.» 

..51^'i7 
.•■W2^J 
:M:ilI 
MVVA-i 
.:U: !(;<;; 

.:u}2i 

.:uir.'> 

.;i «.")<»:! 
.;u.'>.'>/- 
.:»()! 2 

.:n7.ii 

.:nr7r) 

.:U">!:ii) 
.:«<•■); 

i.:n'.M2 

.35' m 

!.3'i|f»2 
[.:r)i:<(i 

Laii.'./ 
|.:nisi 

:ri2l I ; 
,.:r)2:«) 
..:v.2ri(>| 
.:r.2'.>:}| 
.:r»32n 
.:r.:U7 
.3-):j7r, 
.:r>iM2 

.3;')12'J 
.3.-1 l.T. 

,3.")') 1 1 
.3.")3^ 

i.-lwiri.') 
i.3').");<2 

,..r)<;i7 

l..3.",C,71 

,.:i5ri)l 

.:!.-.72s 

|..'<."i7;">.'i 

.:r)7'J2 
■.■>:{7 



j (;.» ._:;i-v{7 .9:«.>s 



.•.i3'(l;» 

.u:j/--.n) 

.'.n7s;t 

.a3;7l) 
.'J37iin 
.W37.VJ 
.W371> 
.'J373- 
.".n72^ 

.'.»:{7iN 
.1) iCi.h 

.ny;77 

.9:Mi.")7 
MUWJ 
MM\.i7 
.n:{f)2r, 

.w:i.'.i>r) 

.Jj:r)7.'» 
.'.)■!:>(;."» 
.;»3.'..").') 

.'.):!.-.:{ I 
.'.»3.-i2 1 
.'.»:}■> 11 

.0.30n3 
.U3IW3 

M■^\7'^ 
.'.)3ir)2 

M.U\l 

.93131 

.93120 

.93110 

.9:J4O0 

.9:Oi9 

.93379 

.9336S 

.9:W.>'^! 



f/M. 



09 



('(■.Mil. 

>j.3.;.>-s 

.93: {37 
.93:527 
.9.3 UG 

.9:j.3ih; 
.9:fci9.'> 
.9:^2^'. 

.9.•^274 
.932r5l 
.9:J2.")3 
.93213 
.932:i2 
.9:J2-22 
.9.32 1 1 
.9.32(»1 






Sine. I 
3 / 



MIK'. 
..■{.■)<!7 

3:1 -IH 
.3.V.M"? 
.3.-.9J.") 
.3.V.)73 

.3»;>27 
.3(Vril 
.3r,iHI 
.3f.l()- 
.30 1. -J.". 

.;ii)i(;2 

.31; 1 9! I 
.3';2i7 

.:'.f;27i 
.:{«)2'.-?5 
.:;m:!2.i 
..vy.',ryi 
.3f;3;9 

..Mi I'M". 
.3.^1 

.:i!-.li)l 
.3»;i>- 

..T.-.l.-i 
.:i«J.-.i2 
.3r,-,fJ9 

..30.3.«'. 

.3«>)2;< 
.3r;f;:>fi 

.3n«;77 
..3-;7ii.i 

.3".;:i| 

.:^;7.""»- 

..{ >/ -".i 

.:».(; -39 
.:k>-9J 

.3t;921 

.3';9i'^ 

.3fJ97.-| 
.37(»i)2 
..37029 
.37(».V) 

..370S3 
.3711(1 
.3713; 
.37161 
.37191 
.372 IS 
..3721.1 
.37272 
.37299 
.37326 
.37.3r)3 
.373-40 
.37407 
.37i:« 
..37461 

Cosin. 



.9.3190 
.931 SO 
.93l6.t 
.93 1. 19 

.93 rH 

.93137 
.93127 
.93116 
.9311-6 
.9:3095 
.9-lO^J 
.93')M 
.93'K):; 
.9-3012 

.9:{ol2 

.930.31 
.9:{i»20 
.9:i;»!0 
.92999 
.929"^>^ 
.92'.)7'" 
.92967 
.929.16 
.929i:i 
.929:r> 
.92921 
.9291 :< 
.929 »2 
.1*2-92 
.92-:.Sl 

.92-';0 
.92<j9 
.92Sli) 
.92-3» 
.92S27 
.02s I 6 
.92-0.1 
.«.i279-l 
.927-^1 
.92773 
.92762 
.927;! I 
.927 If » 
,92729 
.9271^ 

Sine. 



aa-» 



Sine. : Cosin. 
.92Tl~ 
.92707 
.\m\fT 
.926^0 
.92^570 
.92661 
.1*26.13 

.92G3I 
.i«fi2') 
.92<i09 
.92.lyS 
.92.1S7 
,92.176 
.92.16.1 
.5«.1.1-1 

.92.143 
.92.l;fa! 
.92121 
.92.110 
.9-24'.*9 
.924S^ 
.92177 
.IW46() 
.921.V) 
.92111 
.92i;« 
.92121 
.'.^24ln 
,92399 
.92:js8 

.02.377 
.92366 
,92:r>;l 
.92313 
.92:.3:32 
. 92:121 
.92310 
.922'.>J) 
.922S7 
.92276 
.92265 
.JJ22.14 
.92213 
.5)2231 
.92220 

.92209 

.i»21^i 
.92175 
.«»2161 
,921.52 
.92141 
.921.30 
.921 19 
.92107 
.92096 
.i»20S.l 
.92073 
.92062 
.920.1') 

Co.<In. Pine. 



37461 
374 •^S 
37515 
375 12 
:17569 
37595 
37«)22 
37619 
37676 
377(0 
377:Ji» 
37757 
377.SI 
37'<II 
37-si^ 
:J7>61 

:rs92 
37919 
37916 
37973 
37999 
3s 126 
3-501:} 
3sfNi 
3s If 17 
•M31 
.3s 1 61 
:Ms.^ 

3<2I5 
3>21l 
3':26s 

3 .-295 
3v«2 
3<M9 
3^376 
3<103 
3-<l.'0 
:N|,16 
.3-1 "3 
3^.1Ill 
3S.-^37 
3S.161 
3-J591 

3'^6I7 

3S614 
3>671 

3S69S 
:{>725 
.3S752 
3-77S 
3'4s().-, 

3ss:w 
:issr,9 
3ss.-i6 
3s9I2 
3S9:39 
3S966 
3si»93 
3iK)2i 
390 10 
31073 



»:|o 



^ine. 

.:3yo73 
.31)1 mi 

.;*.)! 27 
.3**1. 13 

.3yis/i 

.39207 
.31*2^1 
.392041 
..3?«^7 
.39314 
..35W41 
.39367 

.:39421 
..3\M IS 
.39474 

.39.501 
.:J952^ 

.;w.58i 

.:39GO.'5 
.39635 
.39661 

.39715 
.39741 
.397ftS 
.:i\)795 
.:K)-22 
.39<H 
.39S76 



.39902 

.;J9W> 

.3^)1 1.55 
.399i« 
.4(K>(N 
.400:J5 
.40062 
.KXKS 
.40115 
.40141 
.401 6s 

.40195 
.4(W2I 
.10218 
.40275 

.4!W01 
.4o:fiS 
.4(a'»5 
4'WSl 
.41MOS 
.4rM.34 
.40161 
.404'^ 
.40514 
.40.>11 
.105€7 
.40.191 
.4 ••621 
.li«17 
.4(k;74 



Conin. 
92050 

.92«»2"5 
,92016 
.92fKL5 
.91994 
.9I9>2 
.91971 
.91959 
.9194^ 
.919% 
.919*25 
.91911 
.9I9tl2 
.91.S91 
.91H79 
.9lSGi; 
.9I.S.5r> 
.91S45 
.91H:I3 
.91r>22 
.91,S10 
.91799 
.9I7S7 
.91776 
.917&1 
.91752 
.91741 I 
.917291 
91718 
.91706 

91691 
9I6S3 
.91671 
.91060 
.9I04>1 
.916.-36 
.916^1 1 
.91613 
.916(»1 
.9M9(» 
.91.178 
.91566 
.915&1 

.91.543 
.91.531 



24^ 



Sine. 'CoiiiilL 



.40674 !.SI35J*- 
.40700 .91313 -^ 
.91331 ; 



.4i)7'<i7 
.40753 
.407SO 
.4OS06 
.40S313 
.40?6^» 
.40dS6 
.40913 
.40939 
.40966 
.40992 
.41019 
.41015 
.41072 

.4109S 

.41121 

.41151 

.4117^ 

.41201 

.41231 

.41257 

.412^^ 

.41310 

.41337 

.41363 

|.4133r) 

.414I6J 

.41443 

.41469 

.41496 
.41522 
.41549 .--- , 

.41675.»»h 
.4I602.9(K^ 
.4ie2S .908«|, 



.91319 
.9I3lJ:5[ 

.9iae* 

.91353 -^ 
.91ffS:* 
.9I!»' ^ 

.9i«>:* 

.9ICT;5 

.9i«a* 

.9l21i ■; 
.91^11.' ^ 

.911«^ 

.911«'J| 

.911^''^ 

.911*'.: 

.9lli?M 

.91/16*' 

Mm* 

.9X9^*1 
.9V«rH 

.9i(»g 

.WOHfJI 

Si 



.91519 
.9I5(»S 

.914'.)6 
.914.S4 
.91472 
.91461 
.91449 
.914:37 
.91425 
.91414 
.014(12 
.91390 
.91378 
.91366 
^1355 

Cl^'iD. "Sine. 

06^ 



.41655 
.4I6SI 
.41707 
.41731 
.41760 
.41787, 
.41813 
.41840 
.41866 

.41893 

.41919 

.41945 

.41972 

.41998 

.42024 

.42051 

.42077 

.42104 

.42130 

.42156 

.42133 

.42209 

.42a:e ^, 

.4^262^' 
C5^ 




;i;s AMj i;iisiNKS. -Z^it 



Xt-^ I On 



0*0 "^ 03a I flaa • fv" 



218 

440 



TABLE XIII. LOGARITHMIC SINES, &C. 



135* 



M. 


Sine. 





9.841771 


1 


.811902 


2 


.842033 


3 


.842163 


4 


.842294 


5 


.842421 


6 


.842555 


7 


.842635 


8 


.842315 


9 


.842946 


10 


9.843076 


11 


.813206 


12 


.843a36 


13 


.843466 


14 


.843595 


15 


.843725 


16 


.8-13355 


17 


.843934 


18 


.844114 


19 


.844243 


20 


9.844372 


21 


.844.502 


22 


.844631 


23 


.844760 


24 


.844889 


25 


.845018 


26 


.845147 


27 


.845276 


28 


.&4.>405 


29 


.845533 


30 


9.845662 


31 


.84.5790 


32 


.84.5919 


33 


.816047 


3i 


.846175 


a5 


.816.304 


36 


.846132 


37 


,846560 


as 


.816638 


39 


.846316 


40 


9.816944 


41 


.847071 


42 


.847199 


43 


.817.327 


44 


.817454 


45 


.847532 


46 


.847709 


47 


.847836 


48 


.847964 


49 


.843091 


60 


9.843218 


51 


.813345 


52 


-.843472 


53 


.843599 


&I 


.843726 


55 


.&4S3.52 


66 


.818979 


57 


.819106 


53 


.849^32 


59 


.849.359 


7/ / 


.S/9^^ / 



D 1". 



2.18 
2.18 
2 18 
2.18 
2.17 
2.17 
2.17 
2.17 
2.17 
2.17 

2.17 
2.17 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 
2.16 

2.15 
2.15 
2.15 
.15 



2. 
2. 
2. 

2. 



15 
15 
15 



2.15 
2.14 
2.14 

2.14 
2.14 
2.14 
2.14 
2.14 
2.14 
2.13 
2.13 
2.13 
2.13 

2.13 
2.13 
2.13 
2.13 
2.12 
2.12 
2.12 
2.12 
2.12 
2.12 

2.12 
2.12 
2.11 
2.11 
2.11 
2.11 
2.11 
2.II 
2.11 
2.11 



Cosine. 



Cog/ae. I D. 1", / Sine. I D. 1" 



/ 



9.856934 
.856S12 
.856690 
.8.56.368 
.856446 
.856^23 
.856201 
.856078 
.855956 
.855833 

9.855711 

.855538 
.85.5465 
.855342 
.855219 
.85.5096 
.854973 
.8543.50 
.8.54727 
.854603 

9.854480 
.854356 
.854233 
.854109 
.853986 
.853362 
.a53738 
.853614 
.853490 
.853366 

9.853242 
.8.531 18 
.852994 
.852S69 
.852745 
.a-)2620 
.852496 
.8.52371 
.852247 
.852122 

9.851997 
.a51872 
.851747 
.8516-22 
.a5l497 
.851372 
.851246 
.851 121 
.850996 
.850870 

9.850745 
.a50619 
.8.50493 
.a50363 
.8.50242 
.8.50116 
.849990 
.849364 
.849733 
.849611 
.819435 



D. 1". 



2.03 
2.04 
2.04 
2.04 
2.04 
2.01 
2.04 
2.01 
2.04 
2.04 

2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 
2.06 
2.06 

2.06 
2.06 
2.06 
2.06 
2.06 
2.06 
2.06 
2.07 
2.07 
2.07 

2.07 
2.07 
2.07 
2.07 
2.07 
2.03 
2.03 
2.03 
2.03 
2.03 

2.03 
2.08 
2.03 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 
2.09 

2.09 



,10 
10 
10 
,10 
.10 
.10 
2.10 
2.10 
2.11 



2. 
2. 
2. 
2. 
2. 
2. 



Tang. 



9. 93 4337 
.98.5090 
.935343 
.935596 
.935848 
.936101 
.936354 
.986607 
.936860 
.987112 

9.987365 
.937618 
.987871 
.938123 
.983376 
.933629 
.983332 
.939134 
.989337 
.939640 

9.989393 
.990146 
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